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METHOD OF DRIVING A COLOR LIQUID CRYSTAL DISPLAY AND 
DRIVER CIRCUIT FOR DRIVING THE DISPLAY AS WELL AS 
POTABLE ELECTRONIC DEVICE WITH THE DRIVER CIRCUIT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method of driving a liquid 
crystal display and a driver circuit for driving the liquid crystal display as 
well as an electronic device with the driver circuit, and more particularly to 
an improvement of the driver circuit and the driving method for driving a 
color liquid crystal display with a relatively small display screen in a line 
inversion driving system or in a frame inversion driving system at a 
reduced power comsumption. 

2. Description of the Related Art 

The liquid crystal display has been applied to various electronic 
devices such as note-type computers, palm-type computers, pocket-type 
computers, mobile terminals such as personal digital assistants, mobile 
phones, and personal handy-phone systems. The advanced liquid crystal 
display is a color liquid crystal display. 
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FIG. 1 is a block diagram illustrative of a first conventional 
driver circuit for driving a color liquid crystal display. A color liquid crystal 
display 1 may be driven by an active matrix driving system using thin film 
transistors as switching devices. The color liquid crystal display 1 includes 
a plurality of scanning lines or gate lines which extend parallel to each 
other in a column direction at a constant pitch, and a plurality of data lines 
or source lines which extend parallel to each other in a row direction at 
another constant pitch, as well as a two-dimensional matrix array of pixels, 
each of which is positioned in an area defined by adjacent two of the 
scanning lines and adjacent two of the data lines. - 

Each of the pixels further includes a liquid crystal cell as an 
equivalent capacitive load, a common electrode, a thin film transistor for 
driving the liquid crystal cell, and a data electrode for storing data charge in 
a vertical synchronizing term. A gate electrode of the thin film transistor is 
connected to the scanning line. The gate electrode of the thin film transistor 
serves as a scanning electrode. 

The color liquid crystal display 1 may be driven as follows. The 
common electrode is applied with a common potential Vcom. The data 
electrode is applied with data signals, wherein the data signals may include 
data red signals, data green signals and data blue signals, which have been 
generated from red data Dr, green data Dg, and blue data Drj as digital 
image data. The scanning electrode is applied with a scanning signal which 
ha!5 been generated from a horizontal synchronizing signal Su and a 
vertical synchronizing signal Sy. 
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The following description with reference to FIG. 1 will be made 
assuming that the color liquid crystal display 1 is a normally white type 
color liquid crystal display which is high in transmits vity under no voltage 
application. 

The driver circuit for driving the color liquid crystal display 1 
mainly includes a control circuit 2, a gray scale power supply 3, a common 
power supply 4, a data electrode driver circuit 5, and a scanning electrode 
driver circuit 6. 

The control circuit 2 may, for example, comprise an application 
specific integrated circuit (ASIC). The control circuit 2 receives parallel 
inputs of red data Dr of 6-bits, green data Do of 6-bits and blue data Db of 
6-bits. The control circuit 2 converts the red data Dr, green data Dq and 
blue data Db into 18-bits display data D00 - D05, D10 - D15 and D20 - 
D25 respectively, and outputs the 18-bits display data. The 18-bits display 
data outputted from the control circuit 2 arc supplied to the data electrode 
driver circuit 5. 

The control circuit 2 also receives further inputs of a dot-clock 
signal DCLK, a horizontal synchronizing signal Sh, and a vertical 
synchronizing signal Sy, so that the control circuit 2 generates a strobe 
signal STB, a clock signal CLK, a horizontal start pulse signal STH, a 
vertical start pulse signal STV, a polarity signal POL, a data inversion 
signal TNV from the dot-clock signal DCLK, the horizontal synchronizing 
signal Sh, and the vertical synchronizing signal Sy. The strobe signal STB, 
the clock signal CLK, the horizontal start pulse signal STH and the data 
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inversion signal INV are supplied to the data electrode driver circuit 5. The 
polarity signal POL is supplied to the gray scale power supply 3 and the 
common power supply 4. The vertical start pulse signal STV is supplied to 
the scanning electrode driver circuit 6. 

The strobe signal STB has the same cycle as the horizontal 
synchronizing signal Sr. The clock signal CLK may be either identical 
with or different in frequency from the dot-clock signal DCLK. The clock 
signal CLK may be used for allowing shift registers in the data electrode 
driver circuit 5 to generate sampling pulse signals SP1 - SP176 from the 
horizontal start pulse signal STH. 

The horizontal start pulse signal STH is identical in cycle to the 
horizontal synclironizing signal Sh, and delayed from the strobe signal 
STB by a time corresponding to a few pulses of the clock signal CLK. The 
polarity signal POL is inverted in a single line unit or in a single horizontal 
synchronizing cycle for alternating current driving of the color liquid 
crystal display 1. The vertical start pulse signal STV has the same cycle as 
the vertical synchronizing signal Sv- 

The data inversion signal INV is used for the purpose of reducing 
the power which is consumed by the control circuit 2. If the current 18-bits 
display data D00 - DOS, D10 - D15 and D20 - D25 has at least 10-invcrtcd 
bits from the previous 18-bits display data, the data inversion signal INV is 
inverted in synchronizing with the clock signal CLK, instead of inversions 
of the current 18-bits display data D00 - D05, D10 - D15 and D20 - D25 
for the following reasons. 
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It is general that the control circuit 2 and the gray scale power 
supply 3 are integrated over a printed board, whilst the data electrode driver 
circuit 5 is mounted as a tape carrier package (TCP) over a film tape carrier 
which provides an electrical connection between the printed board and the 
color liquid crystal display 1. The printed board is mounted at an upper 
portion on a back face of a back light which is attached to the color liquid 
crystal display 1. 

18-signal lines arc provided on the film carrier tape for 
transmitting the 18-bits display data D00 - D05, D10 - D15 and D20 - 
D25 from the control circuit 2 to the data electrode driver circuit 5. The 18- 
signal lines have a line capacitance. In addition, the data electrode driver 
circuit 5 has an input capacitance of about 20 pF from the control circuit 2. 
A sufficient current for charging and discharging the line capacitance and 
the input capacitance would be needed if the polarity of the "18-bits display 
data D00 - D05, D10 - D15 and D20 - D25 are inverted and supplied to 
the data electrode driver circuit 5 from the control circuit 2. For reducing 
the necessary charge and discharge currents to the line capacitance and the 
input capacitance, it is effective that the data inversion signal INV is 
inverted, instead of inversions of the 18-bits display data D00 - D05, Dl 0 - 
D15 and D20 - D25. The reduction of the charge and discharge currents 
results in a reduction in the power consumed by the control circuit 2. 

FIG. 2 is a circuit diagram illustrative of a circuit configuration 
of a gray scale power supply in the driver circuit shown in FIG. 1. The gray 
scale power supply 3 includes a series connection of resistances 7-1, 7-2, 7- 
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3, 7-4, 7-5, 7-6, 7-7, 7-8, 7-9, and 7-10, a first pair of switches 8-a and 8-b, 
a second pair of switches 9-a and 9-b, a single inverter 10, and voltage 
followers 11-1, 11-2, 11-3, 11-4, 11-5, 11-6, 11-7 11-8, and 11-9 as well as 
gray scale voltage input ports which receive gray scale voltages VII, VI2, 

5 V13 7 V14, V15, V16, VI7, VI8 and VI9. The gray scale voltages VII, VI2, 
VI3, VI4, VI5, VI6, VI7, VI8 and V19 have been set for gamma-control. 

The gray scale power supply 3 amplifies the gray scale voltages 
VU, VI2, V13, VI4, VI5, VI6, VI7, VI8 and VI9 and supplies the amplified 
gray scale voltages to the data electrode driver circuit 5. The polarity 

10 inversions of the gray scale voltages VI I, V12, V13, V14, VI5, VI6, VI7, 
VI8 and VI9 between positive and negative potentials with reference to the 
common voltage Vcom applied to the common electrode are made based 
on the polarity signal POL in the single line unit. 

The resistances 7-1, 7-2, 7-3, 7-4, 7-5, 7-6, 7-7, 7-8, 7-9, and 7- 

15 10 are different in resistance values from each other. The switch 8-a has a 
first terminal applied with a power voltage VDD and a second terminal 
connected to a first end of the series connection of the resistances 7-1, 7-2, 
7-3, 7-4, 7-5, 7-6, 7-7, 7-8, 7-9, and 7-10, wherein the resistance 7-1 is 
connected directly to the second terminal of the switch 8-a. The switch 8-a 

20 also has a control terminal applied with the polarity signal POL. If the 
polarity signal POL is low level "L", then the switch 8-a is in OFF-state. If 
the polarity signal POL is high level "H", then the switch 8-a is in ON-state, 
whereby the power voltage VDD is applied to the first end of the series 
connection of the resistances 7-1, 7-2, 7-3, 7-4, 7-5, 7-6, 7-7, 7-8, 7-9, and 
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7- 10. 

The inverter 10 receives the polarity signal POL and generates an 
inverted polarity signal /POL. The switch 8-b has a first terminal grounded 
and a second terminal connected to the first end of the series connection of 
the resistances 7-1, 7-2, 7-3, 7-4, 7-5, 7-6, 7-7, 7-8, 7-9, and 7-10, wherein 
the resistance 7-1 is connected directly to the second terminal of the switch 

8- b. The switch 8-b also has a control terminal connected to an output from 
the inverter 10 for receiving the inverted polarity signal /POL from the 
inverter 10. If the inverted polarity signal /POL is low level "L", then the 
switch 8-b is in OFF-state. If the inverted polarity signal /POL is high level 
"H", then the switch 8-b is in ON-state, whereby the ground potential GND 
is applied to the first end of the series connection of the resistances 7-t, 7-2, 
7-3, 7-4, 7-5, 7-6, 7-7, 7-8, 7-9, and 7-10. 

The switch 9-a has a first terminal grounded and a second 
terminal connected to a second end of the series connection of the 
resistances 7-1, 7-2, 7-3, 7-4, 7-5, 7-6, 7-7, 7-8, 7-9, and 7-10, wherein the 
resistance 7-10 is connected directly to the second terminal of the switch 9- 
a. The switch 9-a also has a control terminal applied with the polarity 
signal POL. If the polarity signal POL is low level "L", then the switch 9-a 
is in OFF-state. If the polarity signal POL is high level "H", then the switch 

9- a is in ON-state, whereby the ground potential GND is applied to the 
second end of the series connection of the resistances 7-1, 7-2, 7-3, 7-4, 7-5, 
7-6, 7-7, 7-8, 7-9, and 7-10. 

The switch 9-b has a first terminal applied with the power 
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voltage VDD and a second terminal connected to the second end of the 
series connection of the resistances 7-1, 7-2, 7-3, 7-4, 7-5, 7-6, 7-7, 7-8, 7-9, 
and 7-10, wherein the resistance 7-10 is connected directly to the second 
terminal of the switch 9-b. The switch 9-b also has a control terminal 
connected to the output from the inverter 10 lor receiving the inverted 
polarity signal /POL from the inverter 10. If the inverted polarity signal 
/POL is low level "L" then the switch 9-b is in OFF-state. If the inverted 
polarity signal /POL is high level "H", then the switch 9-b is in ON-state, 
whereby the ground potential GND is applied to the second end of the 
scries connection of the resistances 7-1, 7-2, 7-3, 7-4, 7-5, 7-6, 7-7, 7-8, 7-9, 
and 7-10. 

The series connection of the resistances 7-1, 7-2, 7-3, 7-4, 7-5, 7- 
6, 7-7, 7-8, 7-9, and 7-10 has first to ninth nodes Nl, N2, N3, N4, N5, N6, 
N7, m and N9, at which divided voltages VI, V2, V3, V4, V5, V6, V7, 
V8 and V9 are generated respectively if the first and second ends of the 
series connection are biased. The first to ninth nodes Nl, N2, N3, N4, N5, 
N6, N7, N8 and N9 are connected to inputs of the voltage followers 11-1, 
11-2, 11-3, 11-4, 11-5, 11-6, 11-7, 11-8 and 11-9 respectively, whereby the. 
divided voltages VI, V2, V3, V4, V5, V6, V7, V8 and V9 are amplified by 
the voltage followers 11-1, 11-2, 11-3, 11-4, 11-5, 11-6, 11-7, 11-8 and 11-9 
respectively. 

Tf the polarity signal POL is the high level "H", then the first end 
of the series connection of the resistances 7-1, 7-2, 7-3, 7-4, 7-5, 7-6, 7-7, 
7-8, 7-9, and 7-10 is applied with the power voltage VDD, whilst the 
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second end thereof is applied with the ground voltage, whereby positive 
polarity divided voltages VI, V2 3 V3, V4, V5, V6, V7, V8 and V9 arc 
generated at the first to ninth nodes Nl, N2, M3, N4, N5, N6, N7, N8 and 
N9 respectively in accordance with respective ratios of the resistances 7-1, 
5 7-2, 7-3, 7-4, 7-5, 7-6, 7-7, 7-8, 7-9, and 7-10, provided that VDD > VI > 
V2 > V3 > V4 > V5 > V6 > V7 > V8 > V9 > GND. The positive polarity 
divided voltages VI, V2, V3, V4, V5, V6, V7, V8 and V9 are then 
amplified by the voltage followers 11-1, 11-2, 11-3, 11-4, 11-5, 11-6, 11-7, 
11-8 and 11-9 respectively to generate the first to ninth positive polarity 
10 gray scale voltages VII, V12, VI3, VI4, VT5, VI6, VI7, VI8 and V19 which 
will subsequently be supplied to the data electrode driver circuit 5, 
provided that the VII > VI2 > V13 > VI4 > VI5 > VI6 > VI7 > VIS > VI9. 

If the polarity signal POL is the low level "L", then the first end 
of the series connection of the resistances 7-1, 7-2, 7-3, 7-4, 7-5, 7-6, 7-7, 
15 7-8, 7-9, and 7-10 is appHed with the ground voltage, whilst the second end 
thereof is applied with the power voltage VDD, whereby negative polarity 
divided voltages VI, V2, V3, V4, V5, V6, V7, V8 and V9 are generated at 
the first to ninth nodes Nl, N2, N3, N4, N5, N6, N7, N8 and N9 
respectively in accordance with respective ratios of the resistances 7-1, 7-2, 
20 7-3, 7-4, 7-5, 7-6, 7-7, 7-8, 7-9, and 7-10, provided that VDD < VI < V2 < 
V3 < V4 < V5 < V6 < V7 < V8 < V9 < GND. The negative polarity 
divided voltages VI, V2, V3, V4, V5, V6, V7, V8 and V9 are then 
amplified by the voltage followers 11-1, 11-2, 11-3, 11-4, 11-5, 11-6, 11-7, 
11-8 and 11-9 respectively to generate the first to ninth negative polarity 
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gray scale voltages VII, VI2, VI3, VI4, VI5, VT6, VI7, VIS and VI9 which 
will subsequently be supplied to the data electrode driver circuit 5, 
provided that Vll < VI2 < VI3 < VT4 < VI5 < Vi6 < VT7 < VIS < VI9. 

The common power supply 4 receives an input of the polarity 
signal "POL" from the control circuit 2 and supplies the common potential 
Vcom to the common electrode of the color liquid crystal display 1. If the 
polarity signal "POL" is in the high level "H", then the common power 
supply 4 sets the common potential Vcom at the ground level GND. If the 
polarity signal "POL" is in the low level "L", then the common power 
supply 4 sets the common potential Vcom at the power voltage level VDD. 

The data electrode driver circuit 5 receives the strobe signal STB, 
the clock signal CLK, the horizontal start pulse signal ST1J and the data 
inversion signal INV in addition to the 18-bits display data D00 — D05, 
D10 - D15 and D20 - D25 from the control circuit 2. The data electrode 
driver circuit 5 selects the gray scale voltages based on the 18-bits display 
data DOO - D05, D10 - D15 and D20 - D25 under the controls by the 
Strobe signal STB, the clock signal CLK, the horizontal start pulse signal 
STH and the data inversion signal INV. The data electrode driver circuit 5 
applies the selected gray scale voltages to the data electrodes of the color 
liquid crystal display 1 . 

The scanning electrode driver circuit 6 receives the vertical start 
pulse signal STV from the control circuit 2, so that the scanning electrode 
driver circuit 6 generates, in sequence, the scanning signals and applies the 
scanning signals to the scanning electrodes of the color liquid crystal 
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FIG. 3 is a block diagram illustrative of the data electrode driver 
circuit shown in FIG. 1. It is assumed that a resolution of the color liquid 
crystal display 1 is defined by 176X220 pixels. Since each pixel comprises 
5 three-dots of red (R), green (G) and blue (B), then the color liquid crystal 
display 1 has a 528X220 dot-pixels. 

The data electrode driver circuit 5 includes a shift register 12, a 
data buffer 13, a data register 14, a control circuit 15, a data latch 16, a gray 
scale voltage generating circuit 17, a gray scale voltage selecting circuit 18, 
10 and an output circuit 19. 

The shift register 12 is a scrial-in parallel-out shift register which 
comprises 176 delay-flip-flops. The shift register 12 receives the clock 
signal CLK and the horizontal start pulse signal STH from the. control 
circuit 2, so that the shift register 12 shifts the horizontal start pulse signal 
15 STH in synchronizing with the clock signal CLK, and generates sampling 
pulses SP1, SP2, — SP176 which comprise a 176-bits parallel-out signal. 

The data buffer 13 receives the 18-bits display data D00 - D05, 
D10 - D15 and 1320 - D25 and the data inversion signal 1NV from the 
control circuit 2, so that the data buffer 13 performs an inversion operation 
20 of the 18-bits display data in accordance with the data inversion signal INY, 
so that the data buffer 13 outputs 18-bits display data D'OO - D'05, D'10 - 
D'15andD'20-n'25. 

FIG. 4 is a partial circuit diagram illustrative of a part of the 
circuit configuration of the data buffer shown in FIG. 3. The data buffer 13 
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comprises first to eighteenth data buffer circuits 13al, 13 a2, 13a3, 

13al8, and a single control unit 13b. The control unit 13b includes two 
series connections of plural inverters. The two series conucctions of plural 
inverters in the control unit 13b receive the data inversion signal INV and 
the clock signal CLK from the control circuit 2 respectively, so that the 
control unit 13b delays the data inversion signal INV and the clock signal 
CLK from the control circuit 2 by predetermined delay times respectively, 
whereby the control unit 13b supplies a delayed clock signal CLK1 and a 
delayed data inversion signal IN VI to the first data buffer circuit 13al. 

The control unit 13b also supplies other delayed clock signals 
CLK2, CLK3, — CLK18 and other delayed data inversion signals INV2, 
TNV3 — INV18 to the remaining second to eighteenth data buffer circuits 

13a2, i3a3, 13al8, respectively. The first to eighteenth data buffer 

circuits 13al, 13a2, 13a3, I3al8 have the same circuit configuration 

and perform the same operations, for which reason the following 
description will focus on the first data buffer circuit 13al only. 

The first data buffer circuit 13al includes a D-flip-flop 20-1, 
inverters 21-1, 22-1 and 23-1, and a switching circuit 24-1. The switching 
circuit 24-1 comprises two parallel switches 24-la and 24-1 b. The control 
unit 13b supplies the delayed clock signal CLK1 to the D-flip-flop 20-1 
and the delayed data inversion signal TNV1 to the switching circuit 24-1. 

The D-flip-flop 20-1 latches a single bit display data D00 in 
synchronizing with the clock signal CLK1 for a terni corresponding to the 
single pulse width of the clock signal CLK1, and outputs the single bit 
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display data DOO. The inverter 21 -1 inverts the single bit display data DOO, 
so that the inverted bit display data DOO is supplied to the switch 24-1 b. 
The non-inverted bit display data DOO outputted from the D-flip-flop 20-1 
is also directly supplied to the switch 24-la. 

Tf the delayed data inversion signal 1NV1 from the control unit 
13b is high level "H", then the switching circuit 24-la is placed in the ON- 
state, whilst the switching circuit 24-1 b is placed in the OFF-state, whereby 
the non-inverted bit display data DOO is transmitted through the series 
connection of the inverters 22-1 and 23-1 to an output terminal as the 
output bit display data D ' 00. 

If the delayed data inversion signal INV1 from the control unit 
13b is low level "L", then the switching circuit 24-la is placed in the OFF- 
state, whilst the switching circuit 24-lb is placed in the ON-statc, whereby 
the inverted bit display data DOO is transmitted through the series 
connection of the inverters 22-1 and 23-1 to the output terminal as the 
output single bit display data D'OO. 

With reference again to FTG. 3, the data register 14 receives the 
18-bits display data D'OO- D'05, D'10 - D 7 15 and D'20 - D'25 from the 
data buffer 13 and also receives the sampling pulses SP1, SP2, — SP176 
from the shift register 12. In synchronizing with the sampling pulses SP1, 
SP2, — SP176, the data register 14 accepts the inputs of the 18-bits 
display data D'OO- D'05, D'10 - D ? 15 and D'20 - D'25 and transmits 
display data PD1, PD2, PD3, PD528 to the data latch 16. 

The control circuit 15 comprises a scries connection of plural 
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inverters. The control circuit 15 receives the strobe signal STB from the 
control circuit 2, so that the control circuit 15 generates a delayed strobe 
signal STB1 which has a predetermined delay time from the strobe signal 
STB as well as generates a switch control signal SWA which is opposite in 

5 phase to the delayed strobe signal STB1. The control circuit 15 transmits 
the delayed strobe signal STB1 to the data latch 16 and also transmits the 
switch control signal SWA to the output circuit 19. 

The -data latch 1 6 accepts the inputs of the display data PD1, PD2, 
PD3, PD528 in synchronizing with a rising edge of the delayed strobe 

10 signal STB1 and holds the display data PD1, PD2, PD3, PD528 for a 

time period of the vertical synchronizing term. In synchronizing with the 
next rising edge of the delayed strobe signal STB1, the data latch 16 

transmits the display data PD1, PD2, PD3, PD528 to the gray scale 

voltage selecting circuit 18. 

15 FIG. 5 is a circuit diagram illustrative of the gray scale voltage 

generating circuit shown in FIG. 3. The gray scale voltage generating 
circuit 17 comprises a single series connection of first to sixty third 

resistances 25-1, 25-2, 25-3, 25-4, 25-63. The first to sixty third 

resistances 25-1, 25-2, 25-3, 25-4, 25-63 have respective resistance 

20 values which are adjusted to applied voltage-to-transmittivity characteristic 
of the color liquid crystal display 1. The gray scale voltage generating 
circuit 17 receives first to ninth gray scale voltages VII, VI2, VI3, V19 

from the gray scale power supply 3. 

The first gray scale voltage VII is supplied to a first node of the 
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first side of the first resistance 25-1 . The second gray scale voltage VI2 is 
supplied to an eighth node between the seventh resistance 25-7 and the 
eighth resistance 25-8. The third gray scale voltage V13 is supplied to a 
sixteenth node between the fifteenth resistance 25-15 and the sixteenth 
resistance 25-16. The fourth gray scale voltage VI4 is supplied to a twenty 
fourth node between the twenty third resistance 25-23 and the twenty 
fourth resistance 25-24. The fifth gray scale voltage VIS is supplied to a 
thirty second node between the thirty first resistance 25-31 and the thirty 
second resistance 25-32. The sixth gray scale voltage V16 is supplied to a 
fortieth node between the thirty ninth resistance 25-39 and the fortieth 
resistance 25-40. The seventh gray scale voltage VI7 is supplied to a forty 
eighth node between the forty seventh resistance 25-47 and the forty eighth 
resistance 25-48. The eighth gray scale voltage VI8 is supplied to a fifty 
sixth node between the fifty fifth resistance 25-55 and the fifty sixth 
resistance 25-56. The ninth gray scale voltage VI9 is supplied to a sixty 
fourth node of a second side of the sixty third resistance 25-63. 

The gray scale voltage generating circuit 17 generates first to 

sixty fourth gray scale voltages VI, V2, V3, V64 at the first to sixty 

fourth nodes respectively, wherein the generated first to sixty fourth gray 

scale voltages VI, V2, V3, V64 depend on the first to ninth gray scale 

voltages VI 1, V12, VI3, — V19 from the gray scale power supply 3 and 
also on the respective resistance values of the first to sixty third resistances 

25-1, 25-2, 25-3, 25-63. Each of the first to sixty fourth gray scale 

voltages VI, V2, V3, V64 may individually be inverted between 
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positive polarity and negative polarity with reference to the common 
potential Vcom. 

With reference back to FIG. 3, the generated first to sixty fourth 

gray scale voltages VI, V2, V3, V64 are supplied to the gray scale 

voltage selecting circuit 18. Namely, a gray scale signal of 64 bits is 
supplied from the gray scale voltage generating circuit 17 to the gTay scale 
voltage selecting circuit 18. 

The gray scale voltage selecting circuit 18 comprise first to five 
hundred twenty eighth gray scale voltage selecting units 18-1, 18-2, 18-3, - 
-— -, 18-528. Each of the first to five hundred twenty eighth gray scale 

voltage selecting units 18-1, 18-2, 18-3, , 18-528 receives 

corresponding one of 6-bits display data PD1, PD2, — PD528, so as to 

select one of the first to sixty fourth gray scale voltages VI, V2, V3, 

V64 based on the corresponding one of 6-bits display data PD1, PD2, - — 
PD528, whereby the selected one gray scale voltage is supplied to the 
output circuit 19. For example, the first gray scale voltage selecting unit 
18-1 receives the 6-bits display data PD1 to select one of the first to sixty 

fourth gray scale voltages VI, V2, V3, V64 based on the 6-bits display 

data PD1, whereby the selected one gray scale voltage is supplied to the 
output circuit 19. 

The first to five hundred twenty eighth gray scale voltage 

selecting units 18-1, 18-2, 18-3, , 18-528 have the same circuit 

configuration, for which reason the following description will focus only 
on the firsL gray scale voltage selecting unit 18-1. The output circuit 19 
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comprises first to five hundred twenty eighth output units 19-1, 19-2, 19-3, 

, 19-528 which are connected to the first to five hundred twenty eighth 

gray scale voltage selecting units 18-1, 18-2, 18-3, , 18-528 

respectively. The first to five hundred twenty eighth output units 19-1, 19-2, 

19-3, , 19-528 have the same circuit configuration, for which reason 

the following description will focus only on the first output unit 19-1. 

FIG. 6 is a circuit diagram illustrative of the first gray scale 
voltage selecting unit included in the gray scale voltage selecting circuit 
and a first output unit included in the output circuit of FIG. 3. The first gray 
scale voltage selecting unit 18-1 comprises a single multiplexer 26, first to 
sixty fourth transfer gates 27-1, 27-2, 27-3, — 27-64, and first to sixty 
fourth inverters 28-1 , 28-2, 28-3, — 28-64. Each of the first to sixty fourth 
transfer gates 27-1, 27-2, 27-3, — 27-64 comprises a pair of p-channel 
MOS field effect transistor 29a and an n-channcl MOS field effect 
transistor 29b. 

A gate of the p-channel MOS field effect transistor 29a of each of 
the first to sixty fourth transfer gates 27-1, 27-2, 27-3, — 27-64 receives 
the display data PD1 from the multiplexer 26. A gate of the n-channel 
MOS field effect transistor 29b of each of the first to sixty fourth transfer 
gates 27-1, 27-2, 27-3, — 27-64 receives inverted display data /PD1 
through the corresponding one of the first to sixty fourth inverters 28-1, 28- 
2, 28-3, — 28-64 from the multiplexer 26. 

The first to sixty fourth transfer gates 27-1, 27-2, 27-3, — 27-64 
also receive the first to sixty fourth gray scale voltages VI, V2, V3, 
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V64 from the gray scale voltage generating circuit 17 respectively. For 
example, the first transfer gate 27-1 receives the first gray scale voltage VI. 
The single multiplexer 26 receives the 6-bits display data PD1 from the 
data latch 16 for selecting one of the first to sixty fourth transfer gates 27-1, 

5 27-2, 27-3, — 27-64 based on the received 6-bits display data PD1, 
whereby the selected one of the first to sixty fourth transfer gates 27-1, 27- 
2, 27-3, — 27-64 turns ON, and the selected one of the first to sixty fourth 
transfer gates 27-1, 27-2, 27-3, — 27-64 outputs the corresponding one of 
the first to sixty fourth gray scale voltages VI, V2, V3, V64 as a data 

10 red signal, a data green signal or a data blue signal. 

The first output unit 19-1 is connected to the first gray scale 
voltage selecting unit 18-1. The first output unit 19-1 comprises a first 
amplifier 30-1, and a first switch 31-1. The first amplifier 30-1 receives the 
data red signal, a data green signal or a data blue signal as the gray scale 

15 voltage from the first gray scale voltage selecting unit 18-1 for amplifying 
the received signal. Each of the first to five hundred twenty eighth output, 
units 19-1, 19-2, 19-3, — 19-528 also receives a switch control signal 
SWA from the control circuit 15. The first to five hundred twenty eighth 
switches 31-1, 31-2, 31-3, — 31-528 of the first to five hundred twenty 

20 eighth output units 19-1, 19-2, 19-3, — 19-528 receive the switch control 
signal SWA from the control circuit 15. 

If the first switch 31-1 of the first output unit 19-1 rums ON 
based on the switch control signal SWA from the control circuit 15, then 
the amplified data red, green or blue signal SI is ourputted from the first 
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output unit 19-1. As shown in FIG. 3, the output circuit 19 outputs the first 
to five hundred twenty eighth data red, green and blue signals Si, S2, S3, — 

— S528 which are then supplied to the data electrodes of the color liquid 
crystal display 1 . 

FIG. 7 is a timing chart illustrative of operations of the control 
circuit, the gray scale poweT supply 3, the common power supply 4 and the 
data electrode driver circuit 5 in FIG. 1. The control circuit 2 supplies the 
data electrode driver circuit 5 with the strobe signal STB, the clock signal 
CLK, the horizontal start pulse signal STH delayed by a few clock pulses 
of the clock signal CLK from the strobe signal STB, and the polarity signal 
POL. The shift register 12 in the data electrode driver circuit 5 shifts the 
horizontal start pulse signal STJH and outputs the sampling pulse signals 
SP1 - SP176 of 176bits in synchronizing with the clock signal CLK. 

The control circuit 2 also converts the red data Dr, green data 
Do, and blue data Db, into the 18-bits display data DOO - D05, D10 - D15 
and D20 - D25 which are then supplied to the data electrode driver circuit 
5. The data buffer 13 in the data electrode driver circuit 5 receives the 18- 
bits display data DOO - D05, D10 - D15 and D20 - D25 from the control 
circuit 2 and holds the 18-bits display data DOO - DOS, D10 - D15 and D20 

- D25 for a time period corresponding a single pulse width of the clock 
signal CLK in synchronizing with the clock signal CLK, before the data 
buffer 13 supplies the data register 14 with the 18-bits display data D'OO - 
D'05, D'IO-D'15 andD'20-D'25. 

The data register 14 in the data electrode driver circuit 5 accepts 
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serious inputs of the 18-bits display data D'OO - D'05, D'10 - D'15 and 
D'20 - D'25 as the 6-bits display data PD1, PD2, — PD528 in 
synchronizing with the sampling pulse signals SP1 - SP176. The data latch 
16 accepts simultaneous inputs of the 6-bits display data PD1, PD2, — 
5 PD528 in synchronizing with a rising edge of the strobe signal STB and 
latches the 6-bits display data PD1, PD2, — - PD528 for a single horizontal 
time period. 

The gray scale power supply 3 shown in FIG. 2 receives the 
polarity signal POL. If the polarity signal POL is high level "H", then the 

10 switches 8a and 9a turn ON as well as the switches 8b and 9b turn OFF, 
whereby the fiTst side of the first resistance 7-1 is applied with the power 
voltage VDD whilst the second side of the tenth resistance 7-10 is applied 
with the ground voltage GND, so that the series connection of the first to 
tenth resistances 7-1, 7-2, 7-3, 7-10 is biased between the power 

15 voltage VDD and the ground voltage GND. As a result, positive polarity 
divided voltages VI, V2, V3, V4, V5, V6, V7, V8 and V9 are generated at 
the first to ninth nodes Nl, N2, N3, N4, N5, N6, N7, N8 and N9 
respectively in accordance with respective ratios of the resistances 7-1, 7-2, 
7-3, 7-4, 7-5, 7-6, 7-7, 7-8, 7-9, and 7-10, provided that VDD > VI > V2 > 

20 V3 > V4 > V5 > V6 > V7 > V8 > V9 > GND. The positive polarity divided 
voltages VI, V2, V3, V4, V5, V6, V7, V8 and V9 are then amplified by the 
voltage followers 11-1, 11-2, 11-3, 11-4, 11-5, 11-6, 11-7, 11-8 and 11-9 
respectively to generate the first to ninth positive polarity gray scale 

voltages VII, V12, VI3, VI4, VI5, VI6, V17, VIS and VI9 which will 
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subsequently be supplied to the gray scale voltage generating circuit 17 in 
the data electrode driver circuit 5, provided that the VI 1 > VI2 > V13 > VI4 
> VT5 > V16 > VI7 > VIS > VT9. 

The gray scale voltage generating circuit 17 generates first to 

sixly fourth positive polarity gray scale voltages VI, V2, V3, V64 at 

the first to sixty fourth nodes respectively, wherein the generated first to 

sixty fourth positive polarity gray scale voltages VI, V2, V3, V64 

depend on the first to ninth gray scale voltages VII, V12, VT3, — VT9, 

wherein VI > V2 > V3 > > V64. The first to sixty fourth positive 

polarity gray scale voltages VI, V2, V3, V64 are then supplied to the 

gray scale voltage selecting circuit 18 in the data electrode driver circuit 5. 

Each of the first to five hundred twenty eighth gray scale voltage 

selecting units 18-1, 18-2, 18-3, , 18-528 receives corresponding one of 

6-bits display data PD1 , PD2, — PD528. 

A gate of the p-channel MOS field effect transistor 29a of each of 
the first to sixty fourth transfer gates 27-1, 27-2, 27-3, — 27-64 receives 
the display data PD from the multiplexer 26. A gate of the n-channel MOS 
field effect transistor 29b of each of the first to sixly fourth transfer gates 

27- 1, 27-2, 27-3, — 27-64 receives inverted display data /PD through the 
corresponding one of the first to sixty fourth inverters 28-1, 28-2, 28-3, — 

28- 64 from the multiplexer 26. The first to sixty fourth transfer gates 27-1, 
27-2, 27-3, — - 27-64 also receive the first to sixty fourth gray scale 

voltages VI, V2, V3, V64 from the gray scale voltage generating 

circuit 17 respectively. The single multiplexer 26 receives the 6-bits display 
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data PD1 from the data latch 16 fox selecting one of the first to sixty fourth 
transfer gates 27-1, 27-2, 27-3, — 27-64 based on the received 6-bits 
display data PD1, whereby the selected one of the first to sixty fourth 
transfer gates 27-1, 27-2, 27-3, — 27-64 turns ON, and the selected one of 
the first to sixty fourth transfer gates 27-1, 27-2, 27-3, — 27-64 outputs 
the corresponding one of the first to sixty fourth gray scale voltages VI, V2, 
V3, V64 as a data red signal, a data green signal or a data blue signal. 

The first amplifier 30-1 receives the data red signal, a data green 
signal or a data blue signal as the gray scale voltage from the fust gray 
scale voltage selecting unit 18-1 for amplifying the received signal. Each of 
the first to five hundred twenty eighth output units 19-1, 19-2, 19-3, — - 19- 
528 also receives a switch control signal SWA from the control circuit 15. 
The first to five hundred twenty eighth switches 31-1, 31-2, 31-3, — 31- 
528 of the first to five hundred twenty eighth output units 19-1, 19-2, 19-3, 
— 19-528 receive the switch control signal SWA from the control circuit 
15, wherein the switch control signal SWA rises at the timing of falling 
edge of the strobe signal STB. The output circuit 19 outputs the first to five 
hundred twenty eighth data red, green and blue signals SI, S2, S3, — 
S528 which arc then Supplied to the data electrodes of the color liquid 
crystal display 1 . 

In FIG. 7, shown is the signal SI which is the data red signal, in 
case that the display data PD1 is "000000". In this case, the transfer gate 
27-1 in the first gray scale voltage selecting unit 18-1 rums ON based on 
the display data PD1 "000000", whereby the positive polarity gray scale 
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voltage VI is outputted as the data red signal SI. The data red signal SI is 
represented by a broken line when the strobe signal "STB" is high level 
because the switch 31-1 is in the OFF and the signal S! applied to the data 
electrode of the color liquid crystal display 1 is in the high impedance state. 

The common power supply 4 supplies the ground level GND to 
the common electrode of the color liquid crystal display 1 based on the 
polarity signal POL of high level "H", wherein the common potential of the 
common electrode of the color liquid crystal display 1 becomes the ground 
level GND. The pixel corresponding to the data electrode shows black, 
assuming that the color liquid crystal display 1 is of the normally white 
type. 

If the polarity signal POL is low level "L", then the switches 8a 
and 9a turn OFF as well as the switches 8b and 9b turn ON, whereby the 
first side of the first resistance 7-1 is applied with the ground voltage GND 
whilst the second side of the tenth resistance 7-10 is applied with the power 
voltage VDD, so that the series connection of the first to tenth resistances 

7-1, 7-2, 7-3, 7-10 is biased between the power voltage VDD and the 

ground voltage GND. As a result, negative polarity divided voltages VI, 
V2, V3, V4, V5, V6, V7, V8 and V9 are generated at the first to ninth 
nodes Nl, N2, N3, N4, N5, N6, N7, N8 and N9 respectively in accordance 
with respective ratios of the resistances 7-1,7-2, 7-3, 7-4, 7-5, 7-6, 7-7, 7-8, 
7-9, and 7-10, provided that VDD < VI < V2 < V3 < V4 < V5 < V6 <-V7 
< V8 < V9 < GND. The negative polarity divided voltages VI, V2, V3, V4, 
V5, V6, V7, V8 and V9 are then amplified by the voltage followers 11-1, 
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11-2, 11-3, 11-4, 11-5, 11-6, 11-7, 11-8 and 11-9 respectively to generate 
the first to ninth negative polarity gray scale voltages VII, V12, VI3, V14, 
VI5, VI6, VI7, VIS and VT9 which will subsequently be supplied to the 
gray scale voltage generating circuit 17 in the data electrode driver circuit 5, 
provided that VII < VI2 < VI3 < V14 < VI5 < VI6 < VT7 < VIS < VT9. 

The gray scale voltage generating circuit 17 generates first to 

sixty fourth negative polarity gray scale voltages VI, V2, V3, V64 at 

the first to sixty fourth nodes respectively, wherein the generated first to 

sixty fourth negative polarity gray scale voltages VI, V2, V3, V64 

depend on the first to ninth gray scale voltages VII, VI2, VIS, — VI9, 

wherein VI < V2 < V3 < < V64. The first to sixty fourth negative 

polarity gray scale voltages VI, V2, V3, V64 are then supplied to the 

gray scale voltage selecting circuit 18 in the data electrode driver circuit 5. 

Each of the first to five hundred twenty eighth gray scale voltage 

selecting units 18-1, 18-2, 18-3, , 18-528 receives corresponding One of 

6-bits display data PD1, PD2, — PD528. 

A gate of the p-channcl MOS field effect transistor 29a of each of 
the first to sixty fourth transfer gates 27-1 , 27-2, 27-3, — 27-64 receives 
the display data PD from the multiplexer 26. A gate of the n-channel MOS 
field effect transistor 29b of each of the first to sixty fourth transfer gates 

27- 1, 27-2, 27-3, — - 27-64 receives inverted display data /PD through the 
corresponding one of the first to sixty fourth inverters 28-1, 28-2, 28-3, 

28- 64 from the multiplexer 26. The first to sixty fourth transfer gates 27-1, 
27-2, 27-3, — 27-64 also receive the first to sixty fourth gray scale 
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voltages VI, V2, V3, V64 from the gray scale voltage generating 

circuit 17 respectively. The single multiplexer 26 receives the 6-bits display 
data PD1 from the data latch 16 for selecting one of the first to sixty fourth 
transfer gates 27-1, 27-2, 27-3, — 27-64 based on the received 6-bits 
display data PD1, whereby the selected one of the first to sixty fourth 
transfer gates 27-1, 27-2, 27-3, — 27-64 turns ON, and the selected one of 
the first to sixty fourth transfer gates 27-1, 27-2, 27-3, — 27-64 outputs 
the corresponding one of the first to sixty fourth gray scale voltages V I , V2, 
V3, V64 as a data red signal, a data green signal or a data blue signal. 

The first amplifier 30-1 receives the data red signal, a data green 
signal or a data blue signal as the gray scale voltage from the first gray 
scale voltage selecting unit 18-1 for amplifying the received signal. Each of 
the first to five hundred twenty eighth output units 19-1, 19-2, 19-3, — 19- 
528 also receives a switch control signal SWA from the control circuit 15. 
The first to five hundred twenty eighth switches 31-1, 31-2, 31-3, — - 31- 
528 of the first to five hundred twenty eighth output units 19-1, 19-2, 1 9-3, 
— 19-528 receive the switch control signal SWA from the control circuit 
15, wherein the switch control signal SWA rises at the timing of falling 
edge of the strobe signal STB. The output circuit 19 outputs the first to five 
hundred twenty eighth data red, green and blue signals SI, S2, S3, — 
S528 which are then supplied to the data electrodes of the color liquid 
crystal display 1. 

in FIG. 7, shown is the signal SI which is the data red signal, in 
case that the display data PD1 is "000000". In this case, the transfer gate 
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27-1 in the first gray scale voltage selecting unit 18-1 turns ON based on 
the display data PD1 "000000", whereby the positive polarity gray scale 
voltage VI is outputtcd as the data red signal SI. The data red signal SI is 
represented by a broken line when the strobe signal "STB" is high level 
because the switch 31-1 is in the OFF and the signal SI applied to the data 
electrode of the color liquid crysial display 1 is in the high impedance state. 

The common power supply 4 supplies the power voltage level 
VDD to the common electrode of the color liquid crystal display 1 based on 
the polarity signal POL of low level "L", wherein the common potential of 
the common electrode of the color liquid crystal display 1 becomes the 
power voltage level VDD. The pixel corresponding to the data electrode 
shows black, assuming that the color liquid crystal display 1 is of the 
normally white type. 

The above-described driving system is so called to as a line- 
inversion driving system, wherein the data signals applied to the data 
electrodes are opposite to each other in polarity with reference to 
corresponding common potentials Vcom between adjacent two of the data 
lines, provided that the common potentials Vcom are respectively inverted 
between ground and power voltage levels for every data lines. 

The line-inversion driving system has been utilized for the 
following two reasons. The first reason is that the applications of the same 
or uniform polarity voltages to the liquid crystal cells shorten the life-time 
of the color liquid crystal display. The second reason is that the 
transmittivity of the liquid crystal cells is almost independent from the 



27 



Pf-2926/nec/us/mh 

polarity of the applied voltage to the liquid crystal display. 

The above described line-inversion driving system, however, has 
the following disadvantages particularly in case of the mobile phones and 
personal handy-phone systems. In a stand-by mode, the power ON-statc is 
5 maintained without, however, any operations by the useTS, and a 
predetermined stand-by display is displayed in full-colors on the color 
liquid crystal display screen, even the users are unlikely to view the display 
screen. The driver circuit of the color liquid crystal display is driven in the 
same manner as in the normal mode. This means that, in the stand-by mode, 

10 the driver circuit consumes the same power as in the normal mode. It is 
desirable to suppress the power comsumption by the driver circuit in the 
stand-by mode as many as possible. 

FIG. 8 is a view illustrative of a display screen of the mobile 
phone or the personal handy-phone system. A display screen 1 of the 

15 mobile phone or the personal handy-phone system includes a top display 
region 32, a center display region 33 and a bottom display region 34. The 
top display region 32 displays a battery mark 32a and an antenna mark 32b. 
The battery mark 32a indicates a charge-level of a battery accommodated 
in the mobile phone or the personal handy-phone system. The antenna 

20 mark 32b indicates whether the position of the mobile phone or the 
personal handy-phone system is in a service area of a wireless phone 
service on a mobile communication network. 

The center display region 33 displays images of the contents 
attached to c-mails and provided from Word Wide Web servers. The bottom 
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display region 34 displays month-and-day information 34a and clock-time 
information 34b. The center display region 33 shows the full color display. 
The top and bottom display regions 32 and 34 show monochrome or 8- 
colors displays. 

5 For performing the monochrome or 8-colors display on the top 

and bottom display regions 32 and 34, the conventional driver circuit of the 
color liquid crystal display 1 operates the data electrode driver circuit 5 in 
the same manners as performing the full-color display on the center display 
region 33. This causes unnecessary power comsumption by the 

10 conventional driver circuit. It is thus desirable to suppress the power 
consumption for displaying the top and bottom display regions 32 and 34. 

Another driving system, for example/the frame inversion system 
also has the same disadvantages as described above. In the frame inversion 
system, the data signals applied to the data electrodes arc opposite to each 

15 other in polarity with reference to corresponding common potentials Vcom 
between adjacent two frames, provided that the common potentials Vcom 
arc respectively inverted between ground and power voltage levels for 
every frames. 

The above described disadvantages of the line-inversion driving 
20 system and the frame-inversion driving system are also common to other 
potable or mobile electric devices than the mobile phones and the personal 
handy-phone systems, for example, various electronic devices such as note- 

typc computers, palm-type computers, pocket-type computers, mobile 
terminals such as personal digital assistants. 
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In the above circumstances, the developments of a novel method 
of driving a liquid crystal display and of a driver circuit for driving the 
liquid crystal display as well as of an electronic device with the driver 
circuit are desirable. 

5 

SUMMARY OF TI1K INVENTION 

Accordingly, it is an object of the present invention to provide a 
novel method of driving a liquid crystal display free from the above 
1 0 problems. 

It is a further object of the present invention to provide a novel 
line-inversion driving method of driving a color liquid crystal display, 
wherein the method is suitable for reducing the power consumption. 

It is a still further object of the present invention to provide a 
15 novel frame-inversion driving method of driving a color liquid crystal 
display, wherein the method is suitable for reducing the power 
consumption. 

It is yet a further object of the present invention to provide a 
novel driver circuit for driving a liquid crystal display free from the above 
20 problems. 

It is further more object of the present invention to provide a 
novel driver circuit for driving a liquid crystal display in a line-inversion 
driving, wherein the driver circuit is suitable for reducing the power 
consumption. 
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It is moreover object of the present invention to provide a novel 
driver circuit for driving a liquid crystal display in a frame-inversion 
driving, wherein the driver circuit is suitable for reducing the power 
consumption. 

5 It is yet more object of the present invention to provide a novel 

electronic device with an improved driver circuit driver circuit for driving a 
liquid crystal display free from the above problems. 

It is another object of the present invention to provide a novel 
electronic device with an improved driver circuit for driving a liquid crystal 
10 display in a line-inversion driving, wherein the driver circuit is suitable for 
reducing the power consumption. 

It is still another object of the present invention to provide a 
novel electronic device with an improved driver circuit for driving a liquid 
crystal display in a frame-inversion driving, wherein the driver circuit is 
15 suitable for reducing the power consumption. 

The present invention provides a method and a circuit for driving 
a color liquid crystal display in a normal driving mode and a power saving 
mode, wherein in the normal driving mode, voltages corresponding to 
image display data are applied to data electrodes of the color liquid crystal 
20 display, and wherein in the power saving mode, voltages corresponding to 
highly significant bit signals of the image display data are applied as 
display data signals to the data electrodes. 

The above and other objects, features and advantages of the 
present invention will be apparent from the following descriptions. 
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BRIEF DBSCRIPTION OF THE DRAWINGS 

Preferred embodiments according to the present invention will be 
described in detail with reference to the accompanying drawings. 

FIG. 1 is a block diagram illustrative of a first conventional 
driver circuit for driving a color liquid crystal display. 

FIG. 2 is a circuit diagram illustrative of a circuit configuration 
of a gray scale power supply in the driver circuit shown in FIG. 1 . 

FIG. 3 is a block diagram illustrative of the data electrode driver 
circuit shown in FIG. 1. 

FIG. 4 is a partial circuit diagram illustrative of a part of the 
circuit configuration of the data buffer shown in FIG. 3. 

FIG. 5 is a circuit diagram illustrative of the gray scale voltage 
generating circuit shown in FIG. 3. 

FIG. 6 is a circuit diagram illustrative of the first gray scale 
voltage selecting unit included in the gray scale voltage selecting circuit 
and a first output unit included in the output circuit of FIG. 3. 

FIG. 7 is a timing chart illustrative of operations of the control 
circuit, the gray scale power supply the common power supply and the 
data electrode driver circuit in FIG. 1. 

FIG. 8 is a view illustrative of a display screen of the mobile 
phone or the personal handy-phone system. 

PIG. 9 is a block diagram illustrative of a first novel driver circuit 
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for driving a color liquid crystal display in a first embodiment in 
accordance with the present invention. 

FIG. 10 is a block diagram illustrative of the data electrode driver 
circuit shown in FIG. 9. 

FIG. 11 is a partial circuit diagram illustrative of a part of the 
circuit configuration of the data buffer shown in FIG. 10. 

FIG. 12 is a diagram illustrative of the first data latch unit 
included in the data latch of the data electrode driver circuit shown in FIG. 
10. 

FIG. 13 is a circuit diagram illustrative of the gray scale voltage 
generating circuit and the polarity selecting circuit shown in FIG. 10. 

FIG. 14 is a block diagram illustrative of the gray scale voltage 
selecting circuit and the output circuit shown in FIG. 10. 

FIG. 15 is a circuit diagram illustrative of the first gray scale 
voltage selecting unit included in the gray scale voltage selecting circuit 
and the first output unit included in the output circuit shown in FIG. 14. 

FIG. 16 is a circuit diagram illustrative of the bias current control 
circuit included in the output circuit shown in FfG. 14 as well as of a part 
of the amplifier included in the first output unit shown in FIG. 15. 

FIG. 17 is a timing chart illustrative of operations of the control 
circuit, the common power supply and the data electrode driver circuit 
included in the driver circuit shown in FIG. 9. 

FIG. 18 is a block diagram illustrative of a second novel driver 
circuit for driving a color liquid crystal display in a second embodiment in 
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accordance with the present invention. 

FIG. 19 is a block diagram illustrative of the data electrode driver 
circuit shown in FIG. 18. 

FIG. 20 is a diagram illustrative of the first data latch unit 
included in the data latch of the data electrode driver circuit shown in FIG. 
18. 

FIG. 21 is a timing chart illustrative of operations of the control 
circuit, the common power supply and, the data electrode driver circuit 
included in the driver circuit shown in FIG. 18. 

FIG. 22 is a timing chart illustrative of four possible 
modifications to waveforms of the four color mode signals CMa, CMb, 
CMc and CMd with reference to the vertical start pulse signal STV. 

FIG. 23 is a view illustrative of corresponding four display states 
of the display screen to the four color mode signals CMa, CMb, CMc and 
CMd shown in FIG. 22. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A first aspect of the present invention is a method of driving a 
color liquid crystal display in a normal driving mode and a power saving 
mode, wherein in the normal driving mode, voltages corresponding to 
image display data are applied to data electrodes of the color liquid crystal 
display, and wherein in the power saving mode, voltages corresponding to 
highly significant bit signals of the image display data are applied as 
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display data signals to the data electrodes. In the power saving mode, 
voltages corresponding to highly significant bit signals of the image display 
data are applied as the display data signals to the data electrodes of the 
color liquid crystal display, in order to reduce the power consumption in the 
line-inversion driving system or the frame-inversion driving system. 

It is possible that the power saving mode includes an essential 
information display mode, where a predetermined uniform voltage level, 
which corresponds to a predetermined color and which is independent from 
the image display data, is uniformly applied to all data electrodes on other 
region than at least a designated region for displaying the essential 
information- 
It is further possible that the color liquid crystal display is of 
normally while type, and the predetermined color is white. 

It is also possible that the color liquid crystal display is of 
normally black type, and the predetermined color is black. 

II is also possible that a uniform scanning signal is 
simultaneously applied to all scanning electrodes on other region than the 
at least designated region for displaying the essential information. 

It is also possible that at least a full color display region in the 
color liquid crystal display is displayed in the normal driving mode, and 
that at least a partial color display region in the color liquid crystal display 
is displayed in the power saving mode. 

It is also possible thai the power saving mode further inactivates 
a gray scale voltage generating circuit, a polarity selecting circuit, and an 
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output circuiL included in a driver circuit for driving the color liquid crystal 
display. 

A second aspect of the present invention is a circuit for driving a 
color liquid crystal display. The circuit comprises : a data latch for 
5 selectively inverting image display data based on a polarity signal ; a gray 
scale voltage generating circuit for generating a first set of plural positive- 
polarity gray scale voltages and a second set of plural negative-polarity 
gray scale voltages ; a polarity selecting circuit for selecting one of the first 
set of the plural positive-polarity gray scale voltages and the second set of 

10 the plural negative-polarity gray scale voltages based on the polarity 
signal ; a gray scale voltage selecting circuit for selecting a single gray 
scale voltage from the selected plural gray scale voltages based on the 
image display data supplied from the data latch ; an output circuit for 
supplying the selected single gray scale voltage to a corresponding data 

15 electrode of the color liquid crystal display ; and a control circuit for 
inactivating the gray scale voltage generating circuit, the polarity selecting 
circuit, and the output circuit in a power saving mode, and also for applying 
voltages corresponding to highly significant bit signals of the image display 
data as display data signals to the data electrodes in the power saving mode. 

20 In the power saving mode, voltages corresponding to highly significant bit 
signals of the image display data are applied as the display data signals to 
the data electrodes of the color liquid crystal display, in order to reduce the 
power consumption in the line-inversion driving system or the frame- 
invcrsion driving system. 
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It is possible that the polarity signal is selectively inverted for 
every horizontal synchronizing time periods or for every vertical 
synchronizing time periods. 

Tt is also possible that the plural positive-polarity gray scale 
voltages are predetermined to adjust to a positive voltage to transmittivity 
characteristic of the color liquid crystal display, and the plural negative- 
polarity gray scale voltages are also predetermined to adjust to a negative 
voltage to transmittivity characteristic of the color liquid crystal display. 

It is also possible that the power saving mode includes an 
essential information display mode, where the control circuit controls the 
data latch so that a predetermined uniform voltage level, which corresponds 
to a predetermined color and which is independent from the image display 
data, is uniformly applied to all data electrodes on other region than at least 
a designated region for displaying the essential information. 

It is further possible that the color liquid crystal display is of 
normally white type, and the predetermined color is white. 

it is also possible that the color liquid crystal display is of 
normally black type, and the predetermined color is black. 

It is also possible to further comprise a scanning electrode 
driving circuit, wheTein the control circuit controls the scanning electrode 
driving circuit for simultaneously applying a uniform scanning signal to all 
: ' scanning electrodes on other region than the at least designated region for 
displaying the essential information. 

It is also possible that at least a full color display region in the 
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color liquid crystal display is displayed in the normal driving mode, and 
that at least a partial color display region in the color liquid crystal display 
is displayed in the power saving mode. 

It is also possible that the gray scale voltage generating circuit 
further comprises : a divided-voltage generating circuit for generating 
plural divided-voltages different in voltage level from each other in a 
normal driving mode and also for generating no divided-voltages in the 
power saving modes. 

It is further possible that the divided-voltage generating circuit 
further comprises : a series connection of plural resistances having a 
uniform resistance value ; a high voltage side switch for. applying a high 
voltage to a first side of the series connection of plural resistances in the 
normal driving mode and for applying no voltage to the first side in the 
power saving mode ; and a low voltage side switch for applying a low 
voltage to a second side of the series connection of plural resistances in the 
normal driving mode and for applying no voltage to the second side in the 
power saving mode. 

It is also possible that the polarity selecting circuit further 
comprises : a first switching group including plural switches for selecting 
the plural positive-polarity gray scale voltages based on a positive 
switching signal ; and a second switching group including plural switches 
for selecting the plural negative-polarity gray scale voltages based on a 
negative switching signal. 

It is also possible that the gray scale voltage selecting circuit 
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selects either first one of the plural positive-polarity gray scale voltages or 
second one of the plural negative-polarity gray scale voltages based on the 
image display data. 

It is further possible that the output circuit generates an output 
signal based on the selected gray scale voltage supplied from the gray scale 
voltage selecting circuit in the normal driving mode, and also the output 
circuit generates either one of predetermined high and low voltage levels 
which are independent from the selected gray scale voltage in the power 
saving mode. 

Tt is further possible that the output circuit further comprises : an 
amplifying circuit for amplifying the selected gray scale voltage in the 
normal driving mode, and also the amplifying circuit being inactivated in 
the power saving mode ; and a selecting circuit for selecting the amplified 
gray scale voltage supplied from the amplify ing circuit in the normal 
driving mode, and also selecting either one of the predetermined high and 
low voltage levels which are independent from the selected gray scale 
voltage in the power saving mode. 

It is also possible that the data latch comprises : a latch circuit for 
accepting input of the image display data in synchronizing with a strobe 
signal having the same cycle as a horizontal synchronizing signal and the 
latch circuit subsequently holding the image display data for a single 
horizontal synchronizing time period ; a level shifter for shifting a voltage" 
level of the image display data supplied from the latch circuit and also 
inverting the image display data to generate both non-inverted image 
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display data and inverted image display data ; and a selector for selecting, 
based on the polarity signal, the non-inverted image display data or the 
inverted image display data supplied from the level shifter. 

it is also possible that the data latch comprises : a latch circuit for 
accepting input of the image display data in synchronizing with a strobe 
signal having the same cycle as a horizontal synchronizing signal and the 
latch circuit subsequently holding the image display data for a single 
horizontal synchronizing time period ; a first selector for selecting, based 
on a partial display signal supplied from the control circuit, either 
monochrome display data supptied from the control circuit or the image 
display data supplied from the latch circuit ; a level shifteT for shifting a 
voltage level of the selected monochrome display data or the image display 
data supplied from the latch circuit and also inverting the display data to 
generate either a first pair of non-inverted image display data and inverted 
image display data or a second pair of non-inverted monochrome display 
data and inverted monochrome display data ; and a second selector for 
selecting, based on the polarity signal, one of the non-inverted image 
display data and the inverted image display data or of the non-inverted 
monochrome display data and the inverted monochrome display data 
supplied from the level shifter. 

A third aspect of the present invention is a portable device 
including a color liquid crystal display and a driver circuit for driving the 
color liquid crystal display with a battery power. The driver circuit 
comprises ; a data latch for selectively inverting image display data based 
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on a polarity signal ; a gray scale voltage generating circuit for generating a 
first set of plural positive-polarity gray scale voltages and a second set of 
plural negative-polarity gray scale voltages ; a polarity selecting circuit fox 
selecting one of the first set of the plural positive-polarity gray scale 
5 voltages and the second set of the plural negative-polarity gray scale 
voltages based on the polarity signal ; a gray scale voltage selecting circuit 
for selecting a single gray scale voltage from the selected plural gray scale 
voltages based on the image display data supplied from the data latch ; an 
output circuit for supplying the selected single gray scale voltage to a 

10 corresponding data electrode of the color liquid crystal display ; and a 
control circuit for inactivating the gray scale voltage generating circuit, the 
polarity selecting circuit, and the output circuit in a power saving mode, 
and also for applying voltages corresponding to highly significant bit 
signals of the image display data as display data signals to the data 

15 electrodes in the power saving mode. In the power saving mode, voltages 
corresponding to highly significant bit signals of the image display data are 
applied as the display data signals to the data electrodes of the color liquid 
crystal display, in order to reduce the power consumption in the line- 
inversion driving system or the frame-inversion driving system. 

20 It is possible that the polarity signal is selectively inverted for 

every horizontal synchronizing time periods or for every vertical 
synchronizing time periods. 

It is also possible that the plural positive-polarity gray scale 
voltages are predetermined to adjust to a positive voltage to transmittivity 
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characteristic of the coloi liquid crystal display, and the plural negative- 
polarity gray scale voltages are also predetermined to adjust to a negative 
voltage to transmiUivity characteristic of the color liquid crystal display. 

It is also possible that the power saving mode includes an 
essential information display mode, where the control circuit controls the 
data latch so that a predetermined uniform voltage level, which corresponds 
to a predetermined color and which is independent from the image display 
data, is uniformly applied to all data electrodes on other region than at least 
a designated region for displaying the essential information. 

It is further possible that the color liquid crystal display is of 
normally white type, and the predetermined color is white. 

It is also possible that the color liquid crystal display is of 
normally black type, and the predetermined color is black. 

It is also possible to further comprise a scanning electrode 
driving circuit, wherein the control circuit controls the scanning electrode 
driving circuit for simultaneously applying a uniform scanning signal to all 
scanning electrodes on other region than the at least designated region for 
displaying the essential information. 

It is also possible that at least a fail color display region in the 
color liquid crystal display is displayed in the normal driving mode, and 
that at least a partial color display region in the color liquid crystal display 
is displayed in the power saving mode. 

It is also possible that the gray scale voltage generating circuit 
further comprises : a divided-voltage generating circuit for generating 
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plural divided-voltages different in voltage level from each other in a 
normal driving mode and also for generating no divided-voltages in the 
power saving modes. 

It is further possible that the divided-voltage generating circuit 
further comprises : a series connection of plural resistances having a 
uniform resistance value ; a high voltage side switch for applying a high 
voltage to a first side of the series connection of pluTal resistances in the 
normal driving mode and for applying no voltage to the first side in the 
power saving mode ; and a low voltage side switch for applying a low 
voltage to a second side of the series connection of plural resistances in the 
normal driving mode and for applying no voltage to the second side in the 
power saving mode. 

It is also possible that the polarity selecting circuit further 
comprises : a first switching group including plural switches for selecting 
the plural positive-polarity gray scale voltages based on a positive 
switching signal ; and a second switching group including plural switches 
for selecting the plural negative-polarity gray scale voltages based on a 
negative switching signal. 

It is also possible that the gray scale voltage selecting circuit 
selects either first one of the plural positive-polarity gray scale voltages or 
second one of the plural negative-polarity gray scale voltages based on the 
image display data. 

It is further possible that the output circuit generates an output 
signal based on the selected gray scale voltage supplied from the gray scale 
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voltage selecting circuit in the normal driving mode, and also the output 
circuit generates either one of predetermined high and low voltage levels 
which aTe independent from the selected gray scale voltage in the power 
saving mode. 

5 It is further possible that the output circuit further comprises : an 

amplifying circuit for amplifying the selected gray scale voltage in the 
normal driving mode, and also the amplifying circuit being inactivated in 
the power saving mode ; and a selecting circuit for selecting the amplified 
gray scale voltage supplied from the amplifying circuit in the normal 

10 driving mode, and also selecting eitheT one of the predetermined high and 
low voltage levels which are independent from the selected gray scale 
voltage in the power saving mode. 

It is also possible that the data latch comprises : a latch circuit for 
accepting input of the image display data in synchronizing with a strobe 

15 signal having the same cycle as a horizontal synchronizing signal and the 
latch circuit subsequently holding the image display data for a single 
horizontal synchronizing time period ; a level shifter for shifting a voltage 
level of the image display data supplied from the latch circuit and also 
inverting the image display data to generate both non-inverted image 

20 display data and inverted image display data ; and a selector for selecting, 
based on the polarity signal, the non-inverted image display data ot the 
inverted image display data supplied from the level shifter. 

Tt is also possible that the data latch comprises : a latch circuit for 
accepting input of ihe image display data In synchronizing with a strobe 
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signal having the same cycle as a horizontal synchronizing signal and the 
latch circuit subsequently holding the image display data for a single 
horizontal synchronizing time period ; a first selector for selecting, based 
on a partial display signal supplied from the control circuit, either 
monochrome display data supplied from the control circuit or the image 
display data supplied from the latch circuit ; a level shifter for shifting a 
voltage level of the selected monochrome display data or the image display 
data supplied from the latch circuit and also inverting the display data to 
generate either a first pair of non-inverted image display data and inverted 
image display data or a second pair of non-inverted monochrome display 
data and inverted monochrome display data ; and a second selector for 
selecting, based on the polarity signal, one of the non-inverted image 
display data and the inverted image display data or of the non-inverted 
monochrome display data and the inverted monochrome display data 
supplied from the level shifter. 

F IRST EMB QPI MBNT: 

A first embodiment according to the present invention will be 
described in detail with reference to the drawings. FIG. 9 is a block 
diagram illustrative of a first novel driveT circuit for driving a color liquid 
crystal display in a first embodiment in accordance with the present 
invention. 

A color liquid crystal display 1 may be driven by an active 
matrix driving system using thin film transistors as switching devices. The 
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color liquid crystal display 1 includes a plurality of scanning lines or data 
lines which extend parallel to each other in a column direction at a constant 
pitch, and a plurality of data lines or source lines which extend parallel to 
each other in a row direction at another constant pitch, as well as a two- 
dimensional matrix array of pixels, each of which is positioned in an area 
defined by adjacent two of the scanning lines and adjacent two of the data 
lines. 

Each of the pixels further includes a liquid crystal cell as an 
equivalent capacitive load, a common electrode, a thin film transistor for 
driving the liquid crystal cell, and a data electrode for storing data charge in 
a vertical synchronizing term. A gate electrode of the thin film transistor is 
connected to the scanning line. The gate electrode of the thin film transistor 
serves as a scanning electrode. 

The color liquid crystal display 1 may be driven as follows. The 
common electrode is applied with a common potential Vcom. The data 
electrode is applied with data signals, wherein the data signals may include 
data red signals, data green signals and data blue signals, which have been 
generated from red data Dr, green data Dg> and blue data Db as digital 
image data. The scanning electrode is applied with a scanning signal which 
has been generated from a horizontal synchronizing signal Sh and a 
vertical synchronizing signal Sy- 

The following description with reference to FIG. 9 will be made 
assuming that the color liquid crystal display 1 is a normally white type 
color liquid crystal display which is high in transmittivity under no voltage 
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application. 

The driver circuit for driving the color liquid crystal display 1 
mainly includes a control circuit 41, a common power supply 4, a data 
electrode driver circuit 42, and a scanning electrode driver circuit 6. 

The control circuit 41 may, for example, comprise an application 
specific integrated circuit (ASIC). The control circuit 41 receives parallel 
inputs of red data Dr of 6-bits, green data Dq of 6-bits and blue data Db of 
6-bits. The control circuit 41 converts the red data Dr, green data Dg and 
blue data Db into 18-bits display data D00 - D05, D10 - D15 and D20 - 
D25 respectively, and outputs the 18-bits display data. The 18-bits display 
data outputtcd from the control circuit 41 are supplied to the data electrode 
driver circuit 42. 

The control circuit 41 also receives further inputs of a dot-clock 
signal DCLJK, a horizontal synchronizing signal Sh, and a vertical 
synchronizing signal Sy, so that the control circuit 41 generates a strobe 
signal STB, a clock signal CLK, a horizontal start pulse signal STH, a 
vertical start pulse signal STV, a polarity signal POL, a data inversion 
signal INV from the dot-clock signal DCLK, the horizontal synchronizing 
signal Sh, and the vertical synchronizing signal Sy. The strobe signal STB, 
the clock signal CLK, the horizontal start pulse signal STH and the data 
inversion signal INV arc supplied to the data electrode driver circuit 42. 
The polarity signal POL is supplied to the common power- supply 4 and 
also to the data electrode driver circuit 42. The vertical start pulse signal 
STV is supplied to the scanning electrode driver circuit 6. 



47 



Pf-2926/nec/us/mh 

The strobe signal STB has the same cycle as the horizontal 
synchronizing signal Sh> The clock signal CLK may be either identical 
with or different in frequency from the dot-clock signal DCLK- The clock 
signal CLK may be used for allowing shift registers in the data electrode 
driver circuit 42 to generate sampling pulse signals SP'i - SP176 from the 
horizontal start pulse signal STH. 

The horizontal start pulse signal STH is identical in cycle to the 
horizontal synchronizing signal Sh t and delayed from the strobe signal 
STB by a time corresponding to a few pulses of the clock signal CLK. The 
polarity signal POL is inverted in a single line unit or in a single horizontal 
synchronizing cycle for alternating current driving of the color liquid 
crystal display 1. The vertical start pulse signal STV has the same cycle as 
the vertical synchronizing signal Sy. 

The data inversion signal INV is used for the purpose of reducing 
the power which is consumed by the control circuit 41. if the current 18- 
bits display data D00 - DOS, D10 - D15 and D20 - D25 has at least 10- 
inverted bits from the previous 18-bits display data, the data inversion 
signal INV is inverted in synchronizing with the clock signal CLK, instead 
of inversions of the current 18-bits display data D00 - DOS, D 10 - D15 and 
D20 - D25 for the following reasons. 

It is general that the control circuit 41 is integrated over a printed 
board, whilst the data electrode driver circuit 42 is mounted as a„.=tape 
carrier package (TCP) over a film tape carrier which provides an electrical 
connection between the printed board and the color liquid crystal display 1. 
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The printed board is mounted at an upper portion on a back face of a back 
light which is attached to the color liquid crystal display 1. 

18-signal lines are provided on the film carrier tape for 
transmitting the 18-bits display data D00 - DOS, D10 - D15 and D20 - 
D25 from the control circuit 41 to the data electrode driver circuit 42. The 
18-signal lines have a line capacitance. In addition, the data electrode 
driver circuit 42 has an input capacitance of about 20 pF from the control 
circuit 41. A sufficient current for charging and discharging the line 
capacitance and the input capacitance would be needed if the polarity of the 
18-bits display data D00 - D05, D10 - D15 and D20 - D25 are inverted 
and supplied to the data electrode driver circuit 42 from the control circuit 
41. For reducing the necessary charge and discharge currents to the line 
capacitance and the input capacitance, it is effective that the data inversion 
signal TNV is inverted, instead of inversions of the 18-bits display data D00 
- DOS, D10 - D15 and D20 - D25. The reduction of the charge and 
discharge currents results in a reduction in the power consumed by the 
control circuit 41. 

It is important for the first embodiment of the present invention 
that The control circuit 41 also receives a furthermore input of a power 
saving mode signal PS, so that the control circuit 41 generates a color mode 
signal CM based on the power saving mode signal PS. The color mode 
signal CM is then supplied to the data electrode driver circuit 42. 

The power saving mode signal PS in an activated level, for 
example, a high level "H" instructs the data electrode driver circuit 42 to 
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save the power consumption. The power saving mode signal PS in an 
inactivated level, for example, a low level "L" allows the data electrode 
driver circuit 42 to drive without saving the power consumption. 

The color mode signal CM in an activated level, for example, a 
5 high level "H" sets the data electrode driver circuit 42 in a full-color mode. 
The color mode signal CM in an inactivated level, for example, a low level 
"L" sets the data electrode driver circuit 42 in a non-full-color modc 7 for 
example, an 8-color mode. In the full-color mode, various images such as 
static and/or dynamic images are displayed in full-colors on the color liquid 

10 crystal display 1. 

In the 8-color mode, other informations than the contents, for 
example, month-and-day informations, telephone numbers for calling, 
characters of e-mails, various marks such as a battery mark and an antenna 
mark are displayed in 8-colors on the color liquid crystal display 1 . In the 

15 8-color mode, each pixel is displayed in 8-colors, wherein each pixel 
includes three-primary color dots, for example, red (R)-color dot, green 
(G)-color dot and blue (B)-color dot, and each of the three-primary color 
dots, for example, red (R)-color dot, green (G)-color dot and blue (B)-color 
dot is displayed in binary digits. 

20 FIG. 10 is a block diagram illustrative of the data electrode driver 

circuit shown in FIG. 9. It is assumed that a resolution of the color liquid 
crystal display 1 is defined by 176X220 pixels. Since each pixel comprises 
three-dots of red (R), green (G) and blue (B), then the color liquid crystal 
display 1 has a 528 X 220 dot-pixels. 
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The data electrode driver circuit 42 includes a shift register 12, a 
data buffer 13, a data register 14, a control circuit 43, a data latch 44, a gray 
scale voltage generating circuit 45, a gray scale voltage selecting circuit 46, 
an output circuit 47 and a polarity selecting circuit 48. 

The shift register 12 is a serial-in parallel-out shift register which 
comprises 176 delay-flip-flops. The shift register 12 receives the clock 
signal CLK and the horizontal start pulse signal STH from the control 
circuit 41, so that the shift register 12 shifts the horizontal start pulse signal 
STH in synchronizing with the clock signal CLK, and generates sampling 
pulses SP1, SP2, — SP176 which comprise a 176-bits parallel-out signal. 

The data buffer 13 receives the 18-bits display data D00 - D05, 
D10 - D15 and D20 - D25 and the data inversion signal INV from the 
control circuit 41, so that the data buffer 13 performs an inversion 
operation of the 18-bits display data in accordance with the data inversion 
signal INV, so that the data buffer 13 outputs 18-bits display data D'OO - 
D'05, D'10 - D'15 and D'20 - D'25. 

FIG. 11 is a partial circuit diagram illustrative of a part of the 
circuit configuration of the data buffer shown in FIG. 10. The data buffer 

13 comprises first to eighteenth data buffer circuits 13al, 13a2, 13a3, 

13al8, and a single control unit 13b. The control unit 13b includes two 
series connections of plural inverters. The two series connections of plural 
inverters in the control unit 13b receive the data inversion signal INV and 
the clock signal CLK from the control circuit 41 respectively, so that the 
control unit 13b delays Lhe data inversion signal INV and the clock signal 
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CLK from the control circuit 41 by predetermined delay limes respectively, 
whereby the control unit 13b supplies a delayed clock signal CLKl and a 
delayed data inversion signal INV1 to the first data buffer circuit 13al. 

The control unit 13b also supplies other delayed clock signals 
CLK2, CLK3, — CLKl 8 and other delayed data inversion signals INV2, 
INV3 — IN VI 8 to the remaining second to eighteenth data buffer circuits 

13a2, 13a3, 13al8, respectively. The first to eighteenth data buffer 

circuits 13al, 13a2, 13a3, 13a"18 have the same circuit configuration 

and perform the same operations, for which reason the following 
description will focus on the first data buffer circuit 13al only. 

The first data buffer circuit 13al includes a D-flip-flop 20-1, 
inverters 21-1, 22-1 and 23-1, and a switching circuit 24-1. The switching 
circuit 24-1 comprises two parallel switches 24-1 a and 24-lb. The control 
unit 13b supplies the delayed clock signal CLKl to the D-flip-flop 20-1 
and the delayed data inversion signal INV1 to the switching circuit 24-1. 

The D-flip-flop 20-1 latches a single bit display data D00 in 
synchronizing with the clock signal CLKl for a term corresponding to the 
single pulse width of the clock signal CLKl, and outputs the single bit 
display data D0O. The inverter 21-1 inverts the single bit display data D00, 
so that the inverted bit display data D00 is supplied to the switch 24-lb. 
The non-inverted bit display data D00 outputted from the D-flip-flop 20-1 
is also directly supplied to the switch 24-la. 

If the delayed data inversion signal INV1 from the control unit 
13b is high level "H", then the switching circuit 24-la is placed in the ON- 



Pf-2926/nec/us/mh 



state, whilst the switching circuit 24-lb is placed in the OFF-statc, whereby 
the non-inverted bit display data D00 is transmitted through the series 
connection of the inverters 22-1 and 23-1 to an output terminal as the 
output bit display data D'OO. 

If the delayed data inversion signal INVl from the control unit 
13b is low level then the switching circuit 24-1 a is placed in the OFF- 
sfate, whilst the switching circuit 24-lb is placed in the ON-state, whereby 
the inverted bit display data D00 is transmitted through the series 
connection of the inverters 22-1 and 23-1 to the output terminal as the 
output single bit display data D'OO. 

With reference again to FIG. 10, the data register 14 receives the 
18-bits display data D'OO- D'05, D'10 - D'15 and D'20 - D'25 from the 
data.buffer 13 and also receives the sampling pulses SP1, SP2, — SP176 
from the shift register "12. In synchronizing with the sampling pulses SP1, 
SP2, — SP176, the data register 14 accepts the inputs of the 18-bits 
display data D'OO- D'05, D'10 - D'15 and D'20 - D'25 and transmits 
display data PD1, PD2, PD3, PD528 to the data latch 44. 

The control circuit 43 receives the strobe signal STB, the polarity 
signal POL and the color mode signal CM from the control circuit 41, so 
that the control circuit 43 generates a delayed strobe signal STB I, first and 
second delayed polarity signals POL1 and POL2, first and second delayed 
color mode signals CM'l and CM2, and a switch control signal SWA,, .as 
well as positive and negative switching signals Sswp and Sswn. 

The delayed strobe signal STB1 is delayed by a predetermined 
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delay time from the strobe signal STB. The first and second delayed 
polarity signals POL1 and POL2 are delayed from the polarity signal POL 
by predetermined different delay times respectively. The first and second 
delayed color mode signals CM1 and CM2 arc delayed from the color 
mode signal CM by predetermined different delay times respectively. In the 
full-color mode, the switch control signal SWA is opposite in phase to the 
delayed strobe signal STB'l. In the non-full-color mode or the 8-color mode, 
the switch control signal SWA is inactivated and fixed in the low level "L". 
In the full-color mode, the positive and negative switching signals Sswp 
and Sswn are activated to control the polarity selecting circuit 48 in 
operation. In the non-full-color mode or the 8-color mode, the positive and 
negative switching signals Sswp and Sswn are inactivated and fixed in the 
low level £f L". 

The control circuit 43 supplies the delayed strobe signal STB1 
and the first delayed polarity signal POL1 to the data latch 44. The control 
circuit 43 also supplies the second delayed polarity signal POL2, the first 
delayed color mode signal CM1 and the switch control signal SWA to the 
output circuit 47. The control circuit 43 also supplies the second delayed 
color mode signal CM2 to the gray scale voltage generating circuit 45. The 
control circuit 43 also supplies the positive and negative switching signals 
Sswp and Sswn to the gray scale voltage generating circuit 45 and the 
polarity selecting circuit 48. ■ 

The data register 14 supplies the display data PD1, PD2, PD3, — 
- PD528 to the data latch 44. The data latch 44 accepts the inputs of the 
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display data PD1, PD2, PD3, PD528 in synchronizing with a rising 

edge of the delayed strobe signal STB1 and holds the display data PD1, 

PD2, PD3, PD528 for a lime period of the horizontal synchronizing 

term or until receipt of the next rising edge of the delayed strobe signal 
5 STB1. The data latch 44 performs a voltage conversion of the display data 
PD1, PD2, PD3, — PD528 into voltage-converted 6-bits display data 
PD'l, PD'2, — PD'528, and further optionally perform, based on the first 
polarity signal POL1, an inversion operation of the voltage -converted 
display data, so that the data latch 44 outputs the 6-bits display data PD'l, 

10 PD'2, — PD'528. 

The display data PD'l, PD'2, — PD'528 are then supplied to 
the gray scale voltage selecting circuit 46. The data latch 44 supplies most 

significant bits MSB1, MSB2, , MSB528 of the display data PD'l, 

PD'2, — PD'528 to the output circuit 47, wherein the most significant bits 

15 MSB1, MSB2, , MSB528 arc respective most significant bits of the 6- 

bits display data PD'l, PD'2, — PD'528. For example, the most 
significant bit MSB1 comprises 1-bit as the most significant bit of the 6- 
bits display data PD'l. The most significant bit MSB528 comprises 1-bit as 
the most significant bit of the 6-bits display data PD'528. 

20 The data latch 44 comprises first to five hundred twenty eighth 

data latch units 44-1, 44-2, 44-3, , 44-528. The first to five hundred 

twenty eighth data latch units 44-1, 44-2, 44-3, , 44-528 receive the 

display data PD1, PD2, PD3, PD528 respectively from the data 

register 14. For example, the first data latch unit 44-1 receives the display 
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data PD1 . The five hundred twenty eighth data latch unit 44-528 receives 
the display data PD528. The first Lo five hundred twenty eighth data latch 

units 44-1, 44-2, 44-3, , 44-528 have the same circuit configuration, for 

which reason the following description will focus on the first data latch unit 
44-1. 

FIG- 12 is a diagram illustrative of the first data latch unit 
included in the data latch of the data electrode driver circuit shown in FTG. 
10. The first data latch unit 44-1 comprises a Jatch circuit 51-1, a level 
shifter 52-1, a switching circuit 53-1, and a series connection of first and 
second inverters 54-1 and 55-1. 

The latch circuit 51-1 accepts an input of the 6-bits display data 
PD1 from the data register 14 in synchronizing with a rising edge of the 
delayed strobe signal STB1, and then the latch circuit 51-1 holds the 6-bits 
display data PD1 for a horizontal time period of the delayed strobe signal 
STB1 or until the next rising edge of the delayed strobe signal STB1. In 
synchronizing with the next rising edge of the delayed strobe signal STB1, 
the latch circuit 51-1 outputs the 6-bits display data PD1 which are then 
supplied to the level shifter 52-1. 

The level shifter 52-1 receives the 6-bits display data PD1 from 
the latch circuit 51-1. The level shifter 52-1 performs a voltage conversion 
of the 6-bits display data PD1, for example, from 3V to 5V to generate 
polarity-non-inverted voltage-converted display data. The level shifter 52-1 
further performs a polarity inversion operation of the polarity-non-invertcd 
voltage-converted display data Lo generate a polarity-inverted voltage- 
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converted display data. The level shifter 52-1 outputs both the polarity-non- 
invcrted voltage-converted display data and the polarity-inverted voltage- 
converted display data. 

The switching circuit 53-1 comprise a parallel connection of first 

5 and second switches 53-la and 53-1 b. The switching circuit 53-1 also 
receives the first polarity signal POLl from the control circuit 43. If the 
first polarity signal POLl is high level "H", the second switch 53-lb turns 
OFF, whilst the first switch 53-la turns ON, whereby the polarity-non- 
inverted voltage-converted display data is transmitted through the first 

10 switch 53-la to the first inverter 54-1. The first inverter 54-1 inverts the 
display data from the switching circuit 53-1. The second inverter 55-1 
further inverts the display data from the first inverter 54-1 and outputs a 
positive polarity 6-bits display data PD'l and separately a most significant 
bit MSB1 of the positive polarity 6-bits display data PD'l. 

15 If the first polarity signal POLl is low level "L'\ the first switch 

53-la turns OFF, whilst the second switch 53-lb turns ON, whereby the 
polarity-inverted voltage-converted display data is transmitted through the 
second switch 53-lb to the first inverter 54-1. The first inverter 54-1 inverts 
the display data from the switching circuit 53-1. The second inverter 55-1 

20 further inverts the display data from the first inverter 54-1 and outputs a 
negative polarity 6-bits display data PD'l and separately a most significant 
bit MSB1 of the negative polarity 6-bits display data PD'l. 

Consequently, if the first polarity signal POLl is high level "H", 
then the first data latch 44-1 outputs the positive polarity 6-bits display data 
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PD'l and separately a most significant bit MSB1 of the positive polarity 6- 
bits display data PD'l. If the first polarity signal POL1 is low level "L", 
then the first data latch 44-1 outputs the negative polarity 6-bits display 
data PD'l and separately a most significant bit MSB1 of the negative 
polarity 6-bits display data PD'1 . 

As described above, in accordance with the present invention, the 

display data PD'l, PD2, PD528 are inverted depending on the polarity 

signal POL on the prior stage to the gray scale voltage selecting circuit 46, 

so that the selectively inverted display data PD'l, PD'2, PD'528 arc 

supplied to the gray scale voltage selecting circuit 46. For this reason, it is 
unnecessary to perform any selective polarity-inversion operation of the 

first to sixty fourth gray scale voltages VI, V2, V3, V64. Namely, the 

polarity of the first to sixty fourth gray scale voltages VI, V2, V3, V64 

is fixed in the gray scale voltage generating circuit 45. 

The level shifter 52-1 is provided for converting 3V to 5V. For 
the purpose of reducing the power consumption and shrinkage of the chip 
size, a reduced power voltage of 3V is supplied to the shift register 12, the 
data buffer 13, the data register 14, the control circuit 43 and the data latch 
44, whilst the power voltage of 5V is needed to drive the color liquid 
crystal display 1. For these reasons, the gray scale voltage selecting circuit 
46 and the output circuit 47 should be driven in the range of OV to 5V, and 
for driving the gray scale voltage selecting circuit 46 and the output circuity 
47, it is necessary that the level shifter 52-1 converts 3V to 5V. 

FIG. 13 is a circuit diagram illustrative of the gray scale voltage 
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generating circuit and the polarity selecting circuit shown in FIG. 10. The 
polarity selecting circuit 48 is coupled to the gray scale voltage generating 
circuit 45. The gray scale voltage generating circuit 45 comprises a single 
inverter 59, and a series connection of first to two hundred forty ninth 

5 resistances 56-1, 56-2, 56-3, 56-249, an n-channel MOS field effect 

transistor 57 and a p-channel MOS field effect transistor 58, wherein the 
series connection is positioned between the power volLage VDD and the 
ground voltage GND. The first to two hundred forty ninth resistances 56-1, 

56-2, 56-3, 56-249 are connected in series between the n-cbannel 

10 MOS field effect transistor 57 and the p-channel MOS field effect transistor 
58. 

The n-channel MOS field effect transistor 57 is connected in 
series between the two hundred forty ninth resistance 56-249 and the 
ground voltage GND. The p-channel MOS field effect transistor 58 is 

15 connected in series between the power voltage VDD and the first resistance 
56-1. The second delayed color mode signal CM2 is supplied directly to a 
gate of the n-channel MOS field effect transistor 57 and also indirectly to a 
gate of the p-channel MOS field effect transistor 58 through the inverter 59. 

The first to two hundred forty ninth resistances 56-1, 56-2, 56-3, 

20 56-249 have a uniform resistance value "r". The series connection of 

the first to two hundred forty ninth resistances 56-1, 56-2, 56-3, 56- 

249, the n-channel MOS field effect transistor 57 and the p-channel MOS 
field effect transistor 58 include first to two hundred fifty first nodes which 
generate two hundred fifty one divided voltages with respectively different 
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voltage levels depending on the first to two hundred forty ninth resistances 

56-1, 56-2, 56-3, 56-249. 

The gray scale voltage generating circuit 45 generates positive 
polarity first to sixty fourth gray scale voltages VI, V2, V3, V64, and 

5 also generates negative polarity first to sixty fourth gray scale voltages VI, 

V2, V3, V64 in response to the difference in applied voltage to 

transmittivity characteristics of the liquid crystal cells between the positive 
polarity and the negative polarity of the applied voltage. 

The gray scale voltage generating circuit 45 is responsible to 

10 both operational modes, for example, the full-coloT mode and the 8-color 
modes. In the full-color mode, the second color mode signal CM2 from the 
control circuit 43 is in the high level "H", then both the n-channel MOS 
field effect transistor 57 and the p-channel MOS field effect transistor 58 
turn ON, whereby the series connection of the first to two hundred forty 

15 ninth resistances 56-1 , 56-2, 56-3, 56-249 is biased between the power 

voltage VDD and the ground voltage GND, whereby two hundred fifty one 
divided voltages arc generated at the two hundred fifty first nodes. 

The polarity selecting circuit 48 selects appropriate sixty four 
from the generated two hundred fifty one divided voltages in response to 

20 the positive polarity first to sixty fourth gray scale voltages VI, V2, V3, — 
- V64, or also to the negative polarity first to sixty fourth gray scale 

voltages VI, V2, V3, V64. This selection by the polarity selecting 

circuit 48 is made depending on the applied voltage to transmittivity 
characteristics of the color liquid crystal display 1. Since the first to two 
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hundred forty ninth resistances 56-1, 56-2, 56-3, 56-249 have the 

uniform resistance value "r", and if the power voltage is 5V 3 then adjacent 
two of the generated two hundred fifty one divided voltages have a 
constant difference of 20 mV. 
5 In the 8-color mode, the second color mode signal CM2 from the 

control circuit 43 is in the low level "L", then both the n-channel MOS 
field effect transistor 57 and- the p-chamiel MOS field effect transistor 58 
turn OFF, whereby the series connection of the first to two hundred forty 

ninth resistances 56-1, 56-2, 56-3, 56-249 is isolated from the power 

10 voltage VDD and the ground voltage GND, whereby no current flows 
through the series connection of the first to two hundred forty ninth 

resistances 56-1, 56-2, 56-3, 56-249, resulting in no generations of the 

divided voltages at the two hundred fifty first nodes. In the 8-color mode, 
the gray scale voltage generating circuit 45 is inactivated to display without 
15 using any gray scale. 

The data electrode driver circuit 42 including the gray scale 
voltage generating circuit 45 may comprise a semiconductor integrated 
circuit. For forming the semiconductor integrated circuit, it is preferable to 
use a common mask for forming the first to two hundred forty ninth 

20 resistances 56-1, 56-2, 56-3, 56-249. Routine of interconnections 

between the two hundred fifty first nodes of the gray scale voltage 
generating circuit 45 and the polarity selecting circuit 48 'may preferably be 
made depending on the applied voltage to transmittivity characteristics of 
the color liquid crystal display 1. The first to two hundred fortv ninth 
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resistances 56-1, 56-2, 56-3, 56-249 may also preferably comprise 

aluminum patterns in an aluminum interconnection layer. 

The polarity selecting circuit 48 includes a first switching group 
60a on a first stage and a second switching group 60b on a second stage. 
The first switching group 60a includes parallel connections of first to sixty 
fourth switches which are controllable by the positive switching signal 
Sswp. The second switching group 60b also includes parallel connections 
of first to sixty fourth switches which are controllable by the negative 
switching signal Sswn. The polarity selecting circuit 48 includes first to 
sixty fourth output nodes which generate the first to sixty fourth gray scale 
voltages VI, V2, V3, V64 respectively. 

The first to sixty fourth switches of the first switching group 60a 
are coupled to the first to sixty fourth output nodes. The first to sixty fourth 
switches of the second switching group 60b are also coupled to the first to 
sixty fourth output nodes. For example, the first switch in the first 
switching group 60a and the first switch in the second switching group 60b 
are connected to the first output node in parallel to each other. The first 
switch in the first switching group 60a is provided to perform a selective 
connection between the first node between the p-channcl MOS field effect 
transistor 58 and the first resistance 56-1 and the first output node for 
generating the positive polarity first gray scale voltage VI. The first switch 
in the second switching group 60b is provided to perform another selective 
connection between the third node between the second resistance 56-2 and 
the third resistance 56-3 and the first output node for generating the 
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negative polarity first gray scale voltage VI. 

For example, the sixty fourth switch in the first switching group 
60a and the sixty fourth switch in the second switching group 60b are 
connected to the sixty fourth output node in parallel to each other. The sixty 
fourth switch in the first switching group 60a is provided to perform a 
selective connection between the two hundred forty ninth node between the 
two hundred forty eighth resistance 56-248 and the two hundred forty ninth 
resistance 56-249 and the sixty fourth output node for generating the 
positive polarity sixty fourth gray scale voltage V64. The sixty fourth 
switch in the second switching group 60b is provided to perform another 
selective connection between (he two hundred fifty fust node between the 
two hundred forty ninth resistance 56-249 and the n-channcl MOS field 
effect transistor 57 and the sixty fourth output node for generating the 
negative polarity sixty fourth gray scale voltage V64. 

In the full-color mode, the polarity selecting circuit 48 is 
activated to perform such an output operation that one of the positive- 
polarity and negative polarity gray scale signals is selected by the positive 
and negative switching signals Sswp and Sswn for each of the first to sixty 
fourth output nodes. For example, one of the positive-polarity first gray 
scale voltage VI and the negative -polarity first gray scale voltage VI is 
selected by the positive and negative switching signals Sswp and Sswn, for 
supplying the selected-polarity first gray scale voltage Vl at the first output 
node. Similarly, one of the positive-polarity sixty fourth gray scale voltage 
V64 and the negative -polarity sixty fourth gray scale voltage V64 is 
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selected by the positive and negative switching signals Sswp and Sswn, for 
supplying the selected-polarity sixty fourth gray scale voltage V64 at the 
sixty fourth output node. 

In the full-color mode, exclusive one of the positive and negative 
switching signals Sswp and Sswn is selectively placed in high level "H". If 
the positive switching signal Sswp is in the high level "H", then the first to 
sixty fourth switches of the first switching group 60a turn ON. If the 
negative switching signal Sswn is in the high level "H", then the first to 
sixty fourth switches of the second switching group 60b turn ON. 

Routines of interconnections between the first to sixty fourth 
switches in the first switching gToup 60a and the gray scale voltage 
generating circuit 45 as well as of interconnections between the first to 
sixty fourth switches in the second switching group 60b and the gray scale 
voltage generating circuit 45 depend on the applied voltage to 
transmitlivity characteristics of the color liquid crystal display 1. 

If the positive switching signal Sswp is in the high level "H" and 
the negative switching signal Sswn is in the low level "L", then the first to 
sixty fourth switches of the first switching group 60a turn ON and the first 
to sixty fourth switches of the second switching group 60b turn OFF, 
whereby sixty four divided voltages generated at the sixty four nodes which 
are respectively connected to the first to sixty fourth switches of the first 
switching group 60a are outputted as the positive polarity first to sixty 
fourth gray scale voltages VI, V2, V3, V64 from the first to sixty 

fourth output nodes. 
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If the positive switching signal Sswp is in the low level "L" and 
the negative switching signal Sswn is in the high level "H", then the first to 
sixty fourth switches of the first switching group 60a turn OFF and the first 
to sixty fourth switches of the second switching group 60b turn ON, 
whereby other sixty four divided voltages generated at the other sixty Tout 
nodes which arc respectively connected to the first to sixty fourth switches 
of the second switching group 60b arc outputted as the negative polarity 

first to sixty fourth gray scale voltages VI, V2, V3, V64 from the first 

to sixty fourth output nodes. 

In the 8-color mode, the polarity selecting circuit 48 is 
inactivated by always fixed low levels of the positive and negative 
switching signals Sswp and Sswn, no gray scale voltages arc outputted 
from the first to sixty fourth output nodes. 

FIG. 14 is a block diagram illustrative of the gray scale voltage 
selecting circuit and the output circuit shown in FIG. 10. The gray scale 
voltage selecting circuit 46 comprises first to five hundred twenty eighth 

gray scale voltage selecting units 46-1, 46-2, 46-3, , 46-528- The 

polarity selecting circuit 48 supplies the positive-polarity or negative 

polarity first to sixty fourth gray scale voltages VI, V2, V3, V64 to 

each of the first to five hundred twenty eighth gray scale voltage selecting 

units 46-1, 46-2, 46-3, , 46-528 in parallel. Namely each of the first to 

five hundred twenty eighth gray scale voltage selecting units 46-1, 46-2, 

46-3, , 46-528 receives 64-bils gray scale signals from the polarity 

selecting circuit 48. 
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The first to five hundred twenty eighth gray scale voltage 

selecting units 46-1, 46-2, 46-3, , 46-528 also receive the 6-bits display 

data PD'l, PD'2, — - PD'528 from the first to five hundred twenty eighth 

data latch units 44-1 , 44-2, 44-3, 44-528 respectively. For example, the 

5 first gray scale voltage selecting unit 46-1 receives the 6-bits display data 
PD' l from the first data latch unit 44-1 in the data latch 44. The second 
gray scale voltage selecting unit 46-2 receives the 6-bits display data PD'2 
from the second data latch unit 44-2 in the data latch 44. Similarly, the five 
hundred twenty eighth gray scale voltage selecting unit 46-528 receives the 

10 6-bits display data PD'528 from the five hundred twenty eighth data latch 
unit 44-528 in the data latch 44. 

Each of the first to five hundred twenty eighth gray scale voltage 

selecting units 46-1, 46-2, 46-3, , 46-528 performs to select one of the 

positive-polarity or negative-polarity first to sixty fourth gray scale 

15 voltages VI, V2, V3, V64 based on the received 6-bits display data. 

The 6-bits display data designates one of the first to sixty fourth gTay scale 

voltages VI, V2, V3, V64. For example, the first gray scale voltage 

selecting unit 46-1 selects one of the positive-polarity or negative-polarity 
first to sixty fourth gray scale voltages VI , V2, V3, V64 based on the 

20 received 6-bits display data PD'l. The second gray scale voltage selecting 
unit 46-2 selects one of the positive-polarity or negative-polarity first to 

' sixty fourth gray scale voltages VI, V2, V3, V64 based on the 

received 6-bits display data PD'2. Similarly, Lhe five hundred twenty eighth 
gray scale voltage selecting unit 46-528 selects one of the positive-polarity 
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or negative-polarity first to sixty fourth gray scale voltages VI, V2, V3, — 
- V64 based on the received 6-bits display data PD'528. 

The first to five hundred twenty eighth gray scale voltage 

selecting units 46-1, 46-2, 46-3, , 46-528 have the same circuit 

5 configuration, for which reason the following description will focus only 
M 1 on the first gray scale voltage selecting unit 46-1 . 

o 

O As shown in FIG. 14, the output circuit 47 comprises first to five 

111 

j*>- hundred twenty eighth output units 47-1, 47-2, 47-3, 47-528 and a 

HI single bias current control circuit 64. The first to five hundred twenty 

10 eighth output units 47-1, 47-2, 47-3, 47-528 are coupled to the first to 

ff five hundred twenty eighth gray scale voltage selecting units 46-1, 46-2, 

J 46-3, , 46-528 respectively. Each of the first to five hundred twenty 

B eighth output units 47-1, 47-2, 47-3, 47-528 is also coupled to the 

single bias current control circuit 64 for receiving a controlled bias current 
15 BC from the bias current control circuit 64. 

Each of the first to five hundred twenty eighth output units 47-1, 

47-2, 47-3, 47-528 also receives the switch control signal SWA, the 

second delayed color mode signal CM2, and the first delayed polarity 
signal POLL Further, the first to five hundred twenty eighth output units 

20 47-1, 47-2, 47-3, 47-528 receive the most significant bit signals MSB1, 

MSB2, MSB3, , MSB528, respectively. For example, the first output 

unit 47-1 receives the most significant bit signal MSB! of 1-bit. The* 1 - 
second output unit 47-2 receives the most significant bit signal MSJ32 of 1- 
bit. The five hundred twenty eighth output unit 47-528 receives the most 
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significant bit signal MSB528 of 1 -bit. 

The first to five hundred twenty eighth output units 47- J, 47-2, 

47-3, 47-528 have the same circuit configuration, for which Tcason the 

following description will focus only on the first output unit 47-1. 

FIG. 15 is a circuit diagram illustrative of the first gray scale 
voltage selecting unit included in the gray scale voltage selecting circuit 
and the first output unit included in the output circuit shown in FIG. 14. 
The first gray scale voltage selecting unit 46-1 comprises a single 
multiplexer 61, and parallel connections of first to thirty second p-channel 
MOS field effect transistors 62-1, 62-2, 62-3, — 62-32, and first to thirty 
second n-channel MOS field effect transistors 63-1, 63-2, 63-3, — - 63-32. 

The first to thirty second p-channel MOS field effect transistors 
62-1, 62-2, 62-3, — 62-32, and the first to thirty second n-channel MOS 
field effect transistors 63-1, 63-2, 63-3, — 63-32 are connected in series 
between a common output node and the first to sixty fourth output nodes of 
the polarity selecting circuit 48, wherein the first to sixty fourth gray scale 

voltages VI, V2, V3, V64 appear at the first to sixty fourth output 

nodes of the polarity selecting circuit 48 respectively. 

The multiplexer 61 receives the 6-bits display data PD'l from the 
first data latch unit 44-1 included in the data latch 44. The 6-bits display 
data PD'l designates one of the first to thirty second p-channel MOS field 

effect transistors 62-1, 62-2, 62-3/ 62-32, and the first to thirty second 

n-channel MOS field effect transistors 63-1, 63-2, 63-3, — 63-32. The 
multiplexer 61 makes the designated MOS field effect transistor turn ON 
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based on the 6-bits display data PD'l, whereby the designated MOS field 
effect transistor allows that corresponding one of the first to sixty fourth 

gray scale voltages VI, V2, V3, V64 to the designated MOS field 

effect transistor is transmitted through the output node of the first gray 
scale voltage selecting unit 46-1 to the first output unit 47-1 included in the 
output circuit 47. 

For example, if the first p-channel MOS field effect transistor 62- 
1 is designated by the 6-bits display data PD'l, then the first p-channel 
MOS field effect transistor 62-1 allows the first gray scale voltage VI to be 
transmitted through the common output node to the first output unit 47-1 
included in the output circuit 47. If the first n-channel MOS field effect 
transistor 63-1 is designated by the 6-bits display data PD'l, then the first 
n-channel MOS field effect transistor 63-1 allows the thirty third gray scale 
voltage V33 to be transmitted through the common output node to the first 
output unit 47-1 included in the output circuit 47. The outputted gray scale 
voltage serves as a data red, green or blue signal. 

In this embodiment, the p-channel and n-channel MOS field 
effect transistors have the same number of 32 respectively. The respective 
numbers of the p-channel and n-channel MOS field effect transistors arc 
optional, provided that the total number of the p-channel and n-channel 
MOS field effect transistors is 64 in correspondence to the fust to sixty 
fourth gray scale voltages VI, V2, V3, V64. 

The first output unit 47-1 comprises an amplifier 65-1, a switch 
66-1, an output control circuit 67-1, a p-channel MOS field effect transistor 



Pf-2926/nec/us/mh 



68-1, and an n-channel MOS field effect transistor 69-1. The amplifier 65-1 
is selectively biased by the controlled bias current BC supplied from the 
bias current control circuit 64. The amplifier 65-1 has a first input 
connected to an output thereof and a second input coupled to the common 
5 output node for receiving the data red, green or blue color signal from the 
first gray scale voltage selecting unit 46-1. In the full-color mode, the 
amplifier 65-1 is biased by the controlled bias current BC supplied from the 
bias current control circuit 64, whereby the amplifier 65-1 is activated to 
amplify the data red, green or blue color signal. In the 8-color mode, the 
10 amplifier 65-1 is not biased, whereby the amplifier 65-1 is inactivated. 

The switch 66-1 performs a switching operation based on the 
switch control signal SWA. In the full-color mode, the switch 66-1 
performs a switching ON-OFF operation based on the switch control signal 
SWA for allowing selective transmission of the amplified data red, green or 
15 blue color signal SI to the output node of the first output unit 47-1. In the 
8-color mode, the switch 66-1 is always fixed at OFF by the switch control 
signal SWA, whereby no primary three color signal appears at the output 
node of the first output unit 47-1. 

The output control circuit 67-1 receives the first delayed polarity 
20 signal POL1, the second delayed color mode signal CM2 and the most 
significant bit signal MSB1. The p-channel MOS field effect transistor 68-1 
and the n-channel MOS field effect transistor 69-1 are Connected in Series 
between the power voltage VDD and the ground voltage GND. Drains of 
the p-channel MOS field effect transistor 68-1 and the n-channel MOS field 
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effect transistor 69-1 are connected to the output node of the first output 
unit 47-1 . 

In the full-color mode, the second delayed color mode signal 
CM2 is high level "H", then the output control circuit 67-1 disregards the 
first delayed polarity signal POL'l and the most significant bit signal MSB1, 
and also the output control circuit 67-1 makes both the p-channel MOS 
field effect transistor 68-1 and the n-channel MOS field effect transistor 69- 
1 turn OFF, whereby the amplified data red, green or blue color signal Si is 
transmitted through the output node of the first output unit 47-1 to the data 
electrode of the color liquid crystal display 1 . 

In the 8-color mode, the second delayed color mode signal CM2 
is low level "L", then the output control circuit 67-1 makes one of the p- 
channcl MOS field effect transistor 68-1 and the n-channel MOS field 
effect transistor 69-1 turn ON and another turn OFF based on both the first 
delayed polarity signal POL1 and the most significant bit signal MSB1, 
whereby one of the power voltage VDD and the ground voltage GND is 
transmitted through the output node of the first output unit 47-1 to the data 
electrode of the color liquid crystal display 1. As described above, in the 8- 
color mode, the amplifier 65-1 is inactivated and no data red, green or blue 
color signal is supplied from the amplifier 65-1. 

In the 8-color mode, the predetermined high and low voltages are 
selectively applied to the data electrode for causing a predetermined large 
difference in tightness of the pixel. For this reason, it is possible to 
selectively apply a different high voltaee than the nnwer vnlfasm and 
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another different low voltage than the ground voltage to the data electrode. 

FIG. 16 is a circuit diagram illustrative of the bias current control 
circuit included in the output circuit shown in FIG. 14 as well as of a part 
of the amplifier included in the first output unit shown in FIG. 15. The bias 
5 current control circuit 64 supplies a controlled bias current to the amplifier 
65-1. The bias current control circuit 64 comprises a constant current 
circuit 70, an inverter 71, a p-channel MOS field effect transistor 72 and an 
n-channel MOS field effect transistor 73. The second delayed color mode 
signal CM2 is supplied from the control circuit 43 to the constant current 
10 circuit 70 and also to a gate of the p-channel MOS field effect transistor 72 
as well as through the inverter 71 to a gate of the n-channel MOS field 
effect transistor 73. The amplifier 65-1 includes a p-channel MOS field 
effect transistor 74 connected to the power voltage VDD and an n-channel 
MOS field effect transistor 75 connected to the ground voltage GND. 
15 In the full-color mode, the second delayed color mode signal 

CM2 is high level "H", whereby the constant current circuit 70 is activated 
to generate constant bias currents. Further, both the p-channel MOS field 
effect transistor 72 and the n-channel MOS field effect transistor 73 tum 
OFF. The generated constant bias currents arc supplied to the gates of the 
20 p-channel MOS field effect transistor 74 and the n-channel MOS field 
effect transistor 75. 

In the 8-color mode, the second delayed color mode signal CM2 
is low level "L", whereby the constant current circuit 70 is inactivated to 
generate no current. Further, both the p-channel MOS field effect transistor 



72 



Pf-2926/ncc/us/mh 

72 and the n-channcl MOS field effect transistor 73 turn ON, whereby the 
power voltage VDD is supplied through the p-channel MOS field effect 
transistor 72 to the gate of the p-channel MOS field effect transistor 74, and 
also the ground voltage GND is supplied through the n-channel MOS field 
effect transistor 73 to the gate of the n-channel MOS field effect transistor 
75. 

Driving operations to the color liquid crystal display 1 by the 
above-described driving circuit will be described hereinafter, with focusing 
operations of the control circuit 41, the common power supply 4 and the 
data electrode driver circuit 42, assuming that the driver circuit is applied to 
the mobile phone having a normal full-color mode and a power saving 8- 
color mode. 

FIG. 17 is a timing chart illustrative of operations of the control 
circuit, the common power supply and the data electrode driver circuit 
included in the driver circuit shown in FIG. 9. The descriptions will be 
made for the normal full-color mode and the power saving 8-color mode, 
separately. 

m NORMAT, FIIT.T.-COI .OR MODR : 

If the power saving mode signal PS is low level "L", then the 
driver circuit is in the normal full-color mode, wherein static and/or 
dynamic images are displayed in full-color on the color liquid crystal 
display 1 of the mobile phone. The power saving mode signal PS is an 
externally supplied signal based on operation by use to the mobile phone. If 
the user intends to display, in full-color, contents on the screen of the coIot 
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liquid crystal display 1 of the mobile phone, then the user operates the 
mobile phone to set the power saving mode signal PS in the low level "L". 
The contents may, for example, be supplied from Word Wide Web Server 
through Internet. 

The power saving mode signal PS in the low level "L" is 
supplied to the control circuit 41, whereby the control circuit 41 supplies 
the color mode signal CM of high level "H" to the data electrode driver 
circuit 42. The control circuit 41 also supplies the data electrode driver 
circuit 42 with the clock signal CLK, the strobe signal STB, the horizontal 
start pulse signal STH, and the polarity signal POL. The horizontal start 
pulse signal STH is delayed by a few pulses of the clock signal CLK from 
the strobe signal STB. At almost the same time, the control circuit 41 
converts the externally supplied 6-bits red data Dr, 6-bits green data Dq, 
and 6-bits blue data Db into the 18-bits display data D00 - D05, D10 - 
D15 and D20 - D25, and then the control circuit 41 supplies the 18-bits 
display data DOO - D05, D10 - D15 and D20 - D25 to the data electrode 
driver circuit 42. 

The control circuit 43 in the data electrode driver circuit 42 
receives the strobe signal STB, the polarity signal POL, and the color mode 
signal CM of high level "H" from the control circuit 41. The control circuit 
43 generates the strobe signal STB1, the first polarity signal POLl, the 
second polarity signal POL2, the first color mode signal CM1 of high level 
"H" the second color mode signal CM2 of high level "H", the switch 
control signal SWA, and the positive and negative switching signals Sswp 
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and Sswn, based on the strobe signal STB, the polarity signal POL, and the 
color mode signal CM of high level "H". 

The control circuit 43 supplies the strobe signal STB1 and the 
first polarity signal POL1 to the data latch 44. The control circuit 43 also 
5 supplies the second polarity signal POL2, the first color mode signal CMl, 
and the switch control signal SWA to the output circuit 47. The control 
circuit 43 also supplies the second color mode signal CM2 to the gray scale 
voltage generating circuit 45. The control circuit 43 also supplies the 
positive and negative switching signals Sswp and Sswn to the polarity 
1 0 selecting circuit 48. 

In synchronizing with the clock signal CLK1, the shift register 12 
in the data electrode driver circuit 42 performs to shift the horizontal start 
pulse signal STH as well as to output 176-bits sampling pulse signals SP1 - 
SP176. In synchronizing with the clock signal CLK1 which is delayed by a 
15 predetermined time from the clock signal GLK, the data buffer 13 holds the 
18-bits display data D00 - D05, D10 - D15 and D20 - D25 for a time 
period corresponding to a single pulse width of the clock signal CLKl, and 
then outputs the 18-bits display data D'OO - D'05, D' 10 - D'15 and D'20 - 
D'25 which are then supplied to the data register 14. 
20 In synchronizing with the 176-bits sampling pulse signals SP1 - 

SP176 supplied from the shift register 12, the data register 14 accepts scries 
■J inputs of the 18-bits display data D'OO - D'05, D'10 - D' 15 and D'20 - 
D'25 as the 6-bils display data PD1, PD2, — PD528. In synchronizing 
with the rising edge of the strobe signal STB1, the data latch 44 accepts 
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simultaneous inputs of the 6-bits display data PDl, PD2, — PD528, so 
that the latch circuits 51-1, 51-2, 51-3, — 51-528 in the data latch 44 
respectively hold the 6-bits display data PDl, PD2, — PD528 for a single 
horizontal synchronizing time period. The 6-bits display data PDl , PD2, — 

- PD528 arc then supplied to the level shifters 52-1, 52-2, 52-3, — 52-528, 
respectively. 

If the polarity signal POL is high level "H", then the 6-bits 
display data PDl, PD2, -— PD528 are converted in voltage from 3V to 5V 
by the level shifters 52-1, 52-2, 52-3, — 52-528 respectively. The voltage 
converted 6-bits display data PDl, PD2, — PD528 are then transmitted 
through the switching circuits 53-1, 53-2, 53-3, — 53-528, and the 
inverters 54-1, 54-2, 54-3, — 54-528 to the inverters 55-1, 55-2, 55-3, — 
55-528, whereby the voltage converted 6-bits display data PDl, PD2, — 
PD528 are outputted as the positive polarity 6-bits display data PD'l, PD'2, 

— PD'528. 

Tf the polarity signal POL is low level "L", then the 6-bits display 
data PDl, PD2, — PD528 are converted in voltage from 3V to 5V by the 
level shifters 52-1, 52-2, 52-3, — 52-528 respectively, and further the 
voltage converted 6-bits display data PDl, PD2, — PD528 arc inverted. 
The inverted 6-bits display data PDl, PD2, — PD528 are then transmitted 
through the switching circuits 53-1, 53-2, 53-3, — 53-528, and the 
inverters 54-1, 54-2,64-3, — 54-528 to the inverters 55-1, 55-2, 55-3, — 
55-528, whereby the inverted 6-bits display data PDl, PD2 ? — PD528 are 
outputted as the negative polarity 6-bits display data PD'l, PD'2 } - — 
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PD'528. 

In this case, the latch circuits 51-1, 51-2, 51-3, — 51-528 in the 
data latch 44 outputs the most significant bit signals MSB1, MSB2, MSB3, 

t MSB528, respectively. The most significant bit signals MSB1, 

5 MSB2, MSB3, , MSB528 aie to be used only in the power saving 8- 

color mode. Namely, in the full-color mode, the most significant bit signals 

MSB1, MSB2, MSB3, , MSB528 are not used. 

The circuit 43 supplies the gray scale voltage generating circuit 
45 with the second delayed color mode signal CM2 of high level "H", 
10 whereby both the n-channel MOS field effect transistor 57 and the p- 
channel MOS field effect transistor 58 in the gray scale voltage generating 
circuit 45 are placed in ON-state, whereby the series connection of the first 

to two hundred forty ninth resistances 56-1, 56-2, 56-3, 56-249 is 

biased between the power voltage VDD and the ground voltage GND, and 
15 two hundred fifty one divided voltages are generated at the two hundred 
fifty first nodes. 

If the polarity signal POL is high level "H" then the control 
circuit 43 supplies the polarity selecting circuit 48 with the positive 
switching signal Sswp of high level "H" and the negative switching signal 
20 Sswn of low level "L". The first to sixty fourth switches of the first 
switching group 60a turn ON, whilst the first to sixty fourth switches of the 
second switching group 60b turn OFF. The positive polarity first to sixty 

fourth gray scale voltages VI, V2, V3, V64 are outputted and supplied 

to the gray scale voltage selecting circuit 46. 
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In each of the first to five hundred twenty eighth gray scale 

voltage selecting units 46-1, 46-2, 46-3, , 46-528 in the gray scale 

voltage selecting circuit 46, the multiplexer 61 selects one of the p-channcl 
MOS field effect transistors 62-1, 62-2, 62-3, 62-32 and the n-channel 

5 MOS field effect transistors 63-1, 63-2, 63-3, 63-32, based on the 

received 6-bits display data PD'l, PD'2, — PD'528 , whereby the selected 

one of the p-channel MOS field effect transistors 62-1, 62-2, 62-3, 62- 

32 and the n-channel MOS field effect transistors 63-1, 63-2, 63-3, 63- 

32 turns ON, whereby corresponding one of the positive polarity first to 

10 sixty fourth gray scale voltages VI, V2, V3, V64 to the MOS field 

effect transistor placed in ON-state is transmitted as the data red, green or 
blue signal to the amplifiers 65-1, 65-2, 65-3, — 65-528 in the output 
circuit 47. 

The bias current control circuit 64 receives the second delayed 
15 color mode signal CM2 of high level "H" from the control circuit 43. The 
constant current circuit 70 in the bias current control circuit 64 performs to 
supply the constant bias currents to the gates of the p-channel and n- 
channel MOS field effect transistors 74 and 75 in each of the amplifiers 65- 
1, 65-2, 65-3, — 65-528 in the output units 47-1, 47-2, 47-3, — 47-528, 
20 wherein the p-channel and n-channel MOS field effect transistors 72 and 73 
in the bias current control circuit 64 turn OFF. 

In the output units 47-1 ,< 47-2, 47-3, — , 47-528 in the output 
circuit 47, the output control circuits 67-1, 67-2, 67-3, — 67-528 place, 
into OFF-state, the corresponding pairs of the p-chaimel MOS field efleci 
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transistors 68-1, 68-2, 68-3, — 68-528 and the n-channel MOS field effect 
transistors 69-1, 69-2, 69-3, — 69-528, respectively. 

The first to five hundred twenty eighth gray scale voltage 
selecting units 46-1, 46-2, 46-3, - — , 46-528 in the gray scale voltage 
5 selecting circuit 46 supply the corresponding data red, green and blue 

signals to the amplifiers 65-1, 65-2, 65-3, , 65-528 in the output circuit 

47. The data red, green and blue signals are amplified by the amplifiers 65- 

1, 65-2, 65-3, , 65-528 in the output circuit 47 respectively. The 

amplified data red, green and blue signals are transmitted through 

10 switching operations of the switches 66-1, 66-2, 66-3, , 66-528 under 

the control by the switch control signal SWA which is risen in 
synchronizing with the rising edge of the strobe signal STB. The amplified 
data red, green and blue signals are then supplied as the data red, green and 

blue signals SI, S2, S3, S528 to the corresponding data electrodes of 

15 the color liquid crystal display 1. 

In FIG. 17, one example of the data red signal SI is shown if the 
6-bit display data PD1 is "000000". The data latch unit 44-1 outputs the 6- 
bits display data PD'l "000000" which is the same as the latched original 
6-bits display data PD1 "000000". In the first gray scale voltage selecting 
20 unit 46-1, the multiplexer 61 makes the p-channcl MOS field effect 
transistor 62-1 turn ON based on the 6-bits display data PD'l "000000" , 
whereby the first gray scale voltage VI, which is closest to the power 
voltage level VDD, is outputted as Lhe data red signal SI. 

In FIG. 17, when the strobe signal STB is high level "H", the 
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data red signal SI is represented by broken lines because the switch 66-1 is 
OFF and the voltage applied to the corresponding data electrode of the 
color liquid crystal display 1 based on the data red signal SI from the 
output unit 47-1 is in the high impedance state. 

The common power supply 4 supplies the common voltage 
Vcom of the ground level GND to the common electrode of the color liquid 
crystal display 1 based on the polarity signal POL of high level "H". The 
pixel corresponding to the data electrode shows black, assuming that the 
color liquid crystal display 1 is of the normally white type. 

If the polarity signal POL is low level "L", then the 6-bits display 
data PD1, PD2, — PD528 are held by the latch circuits 51-1, 51-2, 51-3, ~ 
— 51-528 in the data latch 44 respectively for a single horizontal 
synchronizing time period. The 6-bits display data PD1, PD2, - — PD528 
are then converted in voltage from 3V to 5V by the level shifters 52-1, 52-2, 
52-3, — 52-528 respectively, and further the voltage converted 6-bits 

display data PD1 , PD2, PD528 arc inverted. The inverted 6-bits display 

data PD1, PD2, — PD528 are then transmitted through the switching 
circuits 53-1, 53-2, 53-3, — 53-528, and the inverters 54-1, 54-2, 54-3, — 
54-528 to the inverters 55-1, 55-2, 55-3, — 55-528, whereby the inverted 
6-bits display data PD1, PD2, — PD528 are outputted as the negative 
polarity 6-bits display data PD'l, PD'2, -— PD'528. The most significant 

bit signals MSB1, MSB2 7 MSB3, , MSB528 arc to be used only in the 

power saving 8-color mode. Namely, in the mil-color mode, the most 
significant bit signals MSB1, MSB2, MSB3, , MSB528 arc not used. 
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The circuit 43 supplies the gray scale voltage generating circuit 
45 with the second delayed color mode signal CM2 of high level "H", 
whereby both the n-channcl MOS field effect transistor 57 and the p- 
channel MOS field effect transistor 58 in the gray scale voltage generating 
5 circuit 45 arc placed in ON-state, whereby the series connection of the first 

to two hundred forty ninth resistances 56-1, 56-2, 56-3, 56-249 is 

biased between the power voltage VDD and the ground voltage GND, and 
two hundred fifty one divided voltages are generated at the two hundred 
fifty first nodes. 

10 If the polarity signal POL is low level "L", then the control 

circuit 43 supplies the polarity selecting circuit 48 with the positive 
switching signal Sswp of low level "L" and the negative switching signal 
Sswn of high level "H". The first to sixty fourth switches of the first 
switching group 60a turn OFF, whilst the first to sixty fourth switches of 

15 the second switching group 60b turn ON. Hie negative polarity first to 

sixty fourth gray scale voltages VI, V2, V3, V64 are outputted and 

supplied to the gray .scale voltage selecting circuit 46. 

In each of the first to five hundred twenty eighth gray scale 
voltage selecting units 46-1, 46-2, 46-3, , 46-528 in the gray scale 

20 voltage selecting circuit 46, the multiplexer 61 selects one of the p-channel 

MOS field effect transistors 62-1, 62-2, 62-3, 62-32 and the n-channel 

MOS field effect transistors 63-1, 63-2, 63-3, 63-32, based on^thc 

received inverted 6-bits display data PD'l, PD'2, — PD'528, whereby the 
selected one of the p-cbannel MOS field effect transistors 62-1, 62-2, 62-3, 
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62-32 and the n-channel MOS field effect transistors 63-1, 63-2, 63-3, 

63-32 turns ON, whereby corresponding one of the negative polarity 

first to sixty fourth gray scale voltages VI, V2, V3, V64 to the MOS 

field effect transistor placed in ON-statc is transmitted as the data red, 
green or blue signal to the amplifiers 65-1, 65-2, 65-3, — 65-528 in the 
output circuit 47. 

The first to five hundred twenty eighth gray scale voltage 

selecting units 46-1, 46-2, 46-3, , 46-528 in the gray scale voltage 

selecting circuit 46 supply the corresponding data red, green and blue 

signals to the amplifiers 65-1, 65-2, 65-3, , 65-528 in the output circuit 

47. The data red, green and blue signals are amplified by the amplifiers 65- 

1, 65-2, 65-3, , 65-528 in the output circuit 47 respectively. The 

amplified data red, green and blue signals are transmitted through 

switching operations of the switches 66-1, 66-2, 66-3, , 66-528 under 

the control by the switch control signal SWA which is risen in 
synchronizing with the rising edge of the strobe signal STB. The amplified 
data red, green and blue signals are then supplied as the data red, green and 
blue signals SI, S2, S3, — S528 to the corresponding data electrodes of 
the color liquid crystal display 1. 

In FIG. 17, one example of the data red signal SI is shown if the 
6-bit display data PD1 is "000000". The data latch unit 44-1 outputs the 
inverted 6-bits display data PD'l "111111" which are inverted from the 
original 6-bits display data PD1 "000000". In the first gray scale voltage 
selecting unit 46-1, the multiplexer 61 makes the p-channe! MOS field 



82 



Pf-2926/nec/us/mh 

effect transistor 63-32 turn ON based on the inverted 6-bits display data 
PD'l "111111", whereby the sixty fourth gray scale voltage V64, which is 
closest to the ground voltage level GND, is outputted as the data red signal 
SI. 

The common power supply 4 supplies the common voltage 
Vcom of the power voltage level VDD to the common electrode of the 
color liquid crystal display 1 based on the polarity signal POL of high level 
"H". The pixel corresponding to the data electrode shows black, assuming 
that the color liquid crystal display 1 is of the normally white type. 

If it is possible that simultaneous switching operations of the first 
and second switching groups 60a and 60b in the polarity selecting circuit 
48 may cause indefinite or unintentional gray scale voltages VI, V2, V3, — 
- V64, it may be effective to avoid this disadvantage by differentiating 
rising and falling timings between the positive and negative switching 
signals Sswp and Sswn. 

(2) POWER SAVING 8-COLOR MODE : 

If the power saving mode signal PS is high level "H", then the 
driver circuit is in the power saving 8-color mode, wherein static and/or 
dynamic images are displayed in 8-color on the color liquid crystal display 
1 of the mobile phone. The power saving mode signal PS is an externally 
supplied signal based on operation by use to the mobile phone. If the user 
intends to display, in 8-color, characters and marks on the screen of the 
color liquid crystal "display 1 of the mobile phone, then the user operates 
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the mobile phone to set the power saving mode signal PS in the high level 
"H". The characters and marks may, for example, be supplied from e-mails 
through Internet. 

The power saving mode signal PS in the high level "0" is 
5 supplied to the control circuit 41, whereby the control circuit 41 supplies 
the color mode signal CM of low level "L" to the data electrode driver 
circuit 42. The control circuit 41 also supplies the data electrode driver 
circuit 42 with the clock signal CLK, the strobe signal STB, the horizontal 
start pulse signal STH, and the polarity signal POL. The horizontal start 
10 pulse signal STH is delayed by a few pulses of the clock signal CLK from 
the strobe signal STB. At almost the same time, the control circuit 41 
converts the externally supplied 6-bits red data Dr, 6-bits green data Dg, 
and 6-bits blue data D B into the 18-bits display data D00 - D05, D10 - 
D15 and D20 - D25, and then the control circuit 41 supplies the 18-bits 
15 display data D00 - D05, D10 - D15 and D20 - D25 to the data electrode 
driver circuit 42. 

The control circuit 43 in the data electrode driver circuit 42 
receives the strobe signal STB, the polarity signal POL, and the color mode 
signal CM of low level "L" from the control circuit 41. The control circuit 
20 43 generates the strobe signal STB1, the first polarity signal POL1, the 
second polarity signal POL2, the first color mode signal CM'I of low level 
"L", the second color mode signal CM2 of low -level "L\ the switch 
control signal SWA of low level "L'\ and the positive and negative 
switching signals Sswp and Sswn of low level "L", based on the strobe 
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signal STB, the polarity signal POT., and the color mode signal CM of low 
level "L". 

The control circuit 43 supplies the strobe signal STB1 and the 
first polarity signal POL1 to the data latch 44. The control circuit 43 also 
5 supplies the second polarity signal POL2, the first color mode signal CM1, 
and the switch control signal SWA to the output circuit 47. The control 
circuit 43 also supplies the second color mode signal CM2 to the gray scale 
voltage generating circuit 45. The control circuit 43 also supplies the 
positive and negative switching signals Sswp and Sswn to the polarity 
10 selecting circuit 48. 

In synchronizing with the clock signal CLK1 , the shift register 12 
in the data electrode driver circuit 42 performs to shift the horizontal start 
pulse signal STH as well as to output 176-bits sampling pulse signals SP1 - 
SP176. In synchronizing with the clock signal CLK1 which is delayed by a 
15 predetermined time from the clock signal CLK, the data buffer 13 holds the 
18-bits display data D00 - D05, D10 - Dl5 and D20 - D25 for a time 
period corresponding to a single pulse width of the clock signal CLK1, and 
then outputs the 18-bits display data D'OO - D'05, D'10 - D'15 and D'20 - 
D'25 which are then supplied to the data register 14. 
20 In synchronizing with the 176-bits sampling pulse signals SP1 - 

SP176 supplied from the shift register 12, the data register 14 accepts series 
inputs of the 18-bits display data D'OO - D'05, D'/IO - D'15 and D'20 
D'25 as the 6-bits display data PD1, PD2, -— PD528. Tn synchronizing 
with the rising edge of the strobe signal STB1, the data latch 44 accepts 



85 



Pf-2926/nec/os/mh 



simultaneous inputs of the 6-bits display data PD1, PD2, — PD528, so 
that the latch circuits 51-1, 51-2, 51-3, — 51-528 in the data latch 44 
respectively hold the 6-bits display data PD1, PD2, — PD528 for a single 
horizontal synchronizing time period. The 6-bits display data PD1, PD2, — 
5 - PD528 are then supplied to the level shifters 52-1, 52-2, 52-3, — 52-528, 
respectively. 

If the polarity signal POL is high level "H" then the 6-bits 
display data PD1, PD2, — PD528 are converted in voltage from 3 V to 5V 
by the level shifters 52-1, 52-2, 52-3, — 52-528 respectively. The voltage 

10 converted 6-bits display data PD1, PD2, — PD528 are then transmitted 
through the switching circuits 53-1, 53-2, 53-3, — 53-528, and the 
inverters 54-1, 54-2, 54-3, — 54-528 to the inverters 55-1, 55-2, 55-3, — 
55-528, whereby the voltage converted 6-bits display data PD1, PD2, — 
PD528 arc outputtcd as the positive polarity 6-bits display data PD'l, PD'2, 

15 — PD'528. 

If the polarity signal POL is low level "L" then the 6-bits display 
data PD1, PD2, — PD528 are converted in voltage from 3V to 5V by the 
level shifters 52-1, 52-2, 52-3, — 52-528 respectively, and further the 
voltage converted 6-bits display data PD1, PD2, — PD528 are inverted. 

20 The inverted 6-bits display data PD1, PD2, — PD528 are then transmitted 
through the switching circuits 53-1, 53-2, 53-3, — 53-528, and the 
inverters 54-1, 54-2, 54-3, — 54-528 to the inverters 55-1, 55-2, 55-3, — 
55-528, whereby the inverted 6-bits display data PD1, PD2, — PD528 are 
outputtcd as the negative polarity 6-bits display data PD'l, PD'2, - — 
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PD'528. 

In this case, the latch circuits 51-1, 51-2, 51-3, — 51-528 in the 
data latch 44 outputs the most significant bit signals MSB1, MSB2, MSB3, 

, MSB528, respectively. The most significant bit signals MSB1, 

5 - MSB2, MSB3, , MSB528 are to be used only in the power saving 8- 

color mode. 

The circuit 43 supplies the gray scale voltage generating circuit 
45 with the second delayed color mode signal CM2 of low level i£ L", 
whereby both the n-channel MOS field effect transistor 57 and the p- 

10 channel MOS field effect transistor 58 in the gray scale voltage generating 
circuit 45 are placed in OFF-state, whereby the series connection of the 

first to two hundred forty ninth resistances 56-1, 56-2, 56-3, 56-249 is 

isolated from the power voltage VDD and the ground voltage GND, and no 
divided voltages are generated. In this power saving 8-color mode, the gray 

15 scale voltage generating circuit 45 is inactivated, and further the polarity 
selecting circuit 48 is also inactivated by the positive and negative 
switching signals Sswp and Sswn of low level C U\ 

In each of the first to five hundred twenty eighth gray scale 
voltage selecting units 46-1, 46-2, 46-3, , 46-528 in the gray scale 

20 voltage selecting circuit 46, the multiplexer 61 selects one of the p-channei 

MOS field effect transistors 62-1, 62-2, 62-3, 62-32 and the n-channel 

MOS field effect transistors 63-1, 63-2, 63-3, 63-32, based on the 

received 6-bits display data PD'l, PD'2, — PD'528 , whereby the selected 
one of the p-channcl MOS field effect transistors 62-1, 62-2, 62-3, 62- 
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32 and the n-channel MOS field effect transistors 63-1, 63-2, 63-3, 63- 

32 turns ON. Howcvct, as described above, both the gray scale voltage 
generating circuit 45 and the polarity selecting circuit 48 are inactivated, 
for which reason voltages to be applied to input terminals of the output 
units 47-1, 47-2, 47-3, - — 47-528 respectively corresponding to the first to 
five hundred twenty eighth gray scale voltage selecting units 46-1, 46-2, 

46-3, , 46-528 are in the high impedance slate. 

The bias current control circuit 64 receives the second delayed 
color mode signal CM2 of low level "L" from the control circuit 43. The 
constant current circuit 70 in the bias current control circuit 64 is 
inactivated to supply no constant bias currents to the gates of the p-channel 
and n-channel MOS field effect transistors 74 and 75 in each of the 
amplifiers 65-1, 65-2, 65-3, — 65-528 in the output units 47-1, 47-2, 47-3, 
- — 47-528, wherein the p-channcl and n-channel MOS field effect 
transistors 72 and 73 in the- bias current control circuit 64 turn ON. The 
amplifiers 65-1, 65-2, 65-3, — 65-528 in the output units 47-1, 47-2, 47-3, 

— 47-528 are inactivated. The switches 66-1, 66-2, 66-3, , 66-528 arc 

always kept in OFF-state by the switch control signal SWA of low level 
"L". 

Tn the output units 47-1, 47-2, 47-3, — , 47-528 in the output 
circuit 47, the output control circuits 67-1, 67-2, 67-3, — 67-528 place, 
into ON-statc, one of the p-channel MOS field effect transistors 68-1, 68-2, 

68- 3, — 68-528 and the n-channel MOS field effect transistors 69-1, 69-2, 

69- 3, — 69-528, based on the most significant bit signals MSB1, MSB2, 
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MSB3, — , MSB528 and the polarity signal POL of high level "H", 
whereby one of the power voltage VDD and the ground voltage GND is 
supplied to the corresponding data electrodes of the coIot liquid crystal 
display 1. 

In FIG. 17, one example of the data red signal S'l is shown if the 
6-bit display data PD1 is "000000". The data latch unit 44-1 outputs the 
most significant bit signal MSB1 "0" in addition to the 6-bits display data 
PD'l "000000" which is the same as the latched original 6-bits display data 
PD1 "000000". 

In the first output unit. 47-1, the p-channel MOS field effect 
transistor 68-1 turns ON in response to the most significant bit signal 
MSB1 "0" of the 6-bits display data PD'l "000000" and the polarity signal 
POL of high level "H", whereby the power voltage VDD is outputted as the 
data red signal SI. 

The common power supply 4 supplies the common voltage 
Vcom of the ground level GND to the common electrode of the color liquid 
crystal display 1 based on the polarity signal POL of high level "H". The 
pixel corresponding to the data electrode shows black, assuming that the 
color liquid crystal display 1 is of the normally white type. 

If the polarity signal POL is low level "L", then the 6-biLs display 
data PD1, PD2, — PD528 are held by the latch circuits 51-1, 51-2, 51-3, - 
- 51-528 in the data latch 44 respectively for a single horizontal 
synchronizing time period. The 6-bits display data PD1, PD2, — - PD528 
are then converted in voltage from 3V to 5V by the level shifters 52-1, 52-2, 
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52-3, — 52-528 respectively, and further the voltage converted 6-bits 
display data PD1, PD2, — PD528 are inverted. The inverted 6-bits display 
data PD1, PD2, — PD528 are then transmitted through the switching 
circuits 53-1 , 53-2, 53-3, — 53-528, and the inverters 54-1 , 54-2, 54-3, — 
5 54-528 to the inverters 55-1, 55-2, 55-3, — 55-528, whereby the inverted 
6-bits display data PD1, PD2, — PD528 are outputted as the negative 
polarity 6-bits display data PD'l, PD'2, — PD'528. The most significant 

bit signals MSB1, MSB2, MSB3, , MSB528 are to be used only in the 

power saving 8-color mode. 

10 The circuit 43 supplies the gray scale voltage generating circuit 

45 with the second delayed color mode signal CM2 of low level "L", 
whereby both the n-channel MOS field effect transistor 57 and the p- 
channel MOS field effect transistor 58 in the gray scale voltage generating 
circuit 45 arc placed in OFF-state, whereby the series connection of the 

15 first to two hundred forty ninth resistances 56-1, 56-2, 56-3, 56-249 is 

not biased between the power voltage VDD and the ground voltage GND, 
and no divided voltages are generated. 

If the polarity signal POL is low level "L", then the control 
circuit 43 supplies the polarity selecting circuit 48 with the positive 

20 switching signal Sswp of low level "L" and the negative switching signal 
Sswn of low level "L", whereby the polarity selecting circuit 48 is 
inactivated. 

In each of the first to five hundred twenty eighth gray scale 
voltage selecting units 46-1, 46-2, 46-3, , 46-528 in the gray scale 
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voltage selecting circuit 46, the multiplexer 61 selects one of the p-charmel 

MOS field effect transistors 62-1, 62-2, 62-3, 62-32 and the n-channel 

MOS field effect .transistors 63-1, 63-2, 63-3, 63-32, based on the 

received inverted 6-bits display data PD'l, PD'2, — ?D'52&, whereby the 
selected one of the p-channcl MOS field effect transistors 62-1, 62-2, 62-3, 

62-32 and the n-channel MOS field effect transistors 63-1, 63-2, 63-3, 

63-32 turns ON. However, both the gray scale voltage generating 

circuit 45 and the polarity selecting circuit 48 are inactivated. Voltages to 

be applied to the input terminals of the output units 47-1, 47-2, 47-3, 

47-528 respectively corresponding to the first to five hundred twenty eighth 

gray scale voltage selecting units 46-1, 46-2, 46-3, , 46-528 are in the 

high impedance state. 

The bias current control circuit 64 receives the second delayed 
color mode signal CM2 of low level "L" from the control circuit 43. The 
constant current circuit 70 in the bias current control circuit 64 is 
inactivated to supply no constant bias currents to the gates of the p-channel 
and n-channel MOS field effect transistors 74 and 75 in each of the 
amplifiers 65-1, 65-2, 65-3, — 65-528 in the output units 47-1, 47-2, 47-3, 
— 47-528, wherein the p-channel and n-channel MOS field effect 
transistors 72 and 73 in the bias current control circuit 64 turn ON. The 
amplifiers 65-1, 65-2, 65-3, — 65-528 in the output units 47-1, 47-2, 47-3, 

47-528 are inactivated. The switches 66-1, 66-2, 66-3, , 66-528 arc 

always kept in OFF-state by the switch control signal SWA of low level 



91 



Pf-2926/ncc/us/mh 

In the output units 47-1, 47-2, 47-3, — , 47-528 in the output 
circuit 47, the output control circuits 67-1, 67-2, 67-3, — 67-528 place, 
into ON-state, one of the p-channel MOS field effect transistors 68-1, 68-2, 

68- 3, — 68-528 and the n-channcl MOS field effect transistors 69-1, 69-2, 

69- 3, — - 69-528, based on the most significant bit signals MSB1, MSB2, 
MSB3, — , MSB528 and the polarity signal POL of low level "L", 
whereby one of the power voltage VDD and the ground voltage GND is 
supplied to the corresponding data electrodes of the color liquid crystal 
display 1. 

In FIG. 17, one example of the data red signal SI is shown if the 
6-bit display data PD1 is "000000". The data latch unit 44-1 outputs the 
most significant bit signal JVISB1 "1" in addition to the inverted 6-bits 
display data PD'l "111111" which are inverted from the original 6-bits 
display data PD1 "000000". In the output unit 47-1, the output control 
circuit 67-1 makes the n-channel MOS field effect transistor 69-1 tum ON 
based on both the most significant bit signal MSB1 "1" of the inverted 6- 
bits display data PD'l "111111" and the polarity signal POL of low level 
"L", whereby the ground voltage GND is outputted as the data red signal 
SI. 

The common power supply 4 supplies the common voltage 
Vcom of the power voltage level VDD to the common electrode of the 
color liquid crystal display 1 based on the polarity signal POL of low level 
"L". The pixel corresponding to the data electrode shows black, assuming 
that the color liquid crystal display 1 is of the normally white type. 
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If it is possible that simultaneous switching operations of the first 
and second switching groups 60a and 60b in the polarity selecting circuit 
48 may cause indefinite or unintentional gray scale voltages VI, V2, V3, — 
— V64, it may be effective to avoid this disadvantage by differentiating 
rising and falling timings between the positive and negative switching 
signals Sswp and Sswn. 

In accordance with this first embodiment, the gray scale voltage 
generating circuit 45, the polarity selecting circuit 48 and the amplifiers 65- 
1, 65-2, 65-3, — 65-528 in the output circuit 47 arc inactivated in the 
power saving 8-olor mode. Either the p-channel MOS field effect 
transistors 68-1, 68-2, 68-3, — 68-528 or the n-channel MOS field effect 
transistors 69-1, 69-2, 69-3, — 69-528 turn ON based on the most 

significant bit signals MSB1, MSB2, MSB3, , MSB528 and the 

polarity signal POL, whereby either the power voltage VDD or the ground 
voltage GND is applied to the data electrode of the color liquid crystal 
display 1. The inactivation of the gray scale voltage generating circuit 45, 
the polarity selecting circuit 48 and the amplifiers 65-1, 65-2, 65-3, — 65- 
528 in the output circuit 47 during the power saving 8-olor mode results in 
a targe reduction in power consumption by the driver circuit for driving the 
color liquid crystal display 1 . 

The following description is one presumption on the effect of the 
present invention how many power saving can be obtained. It is assumed 

that in the full -color mode, each amplifier 65 in the output circuit 47 has a 

constant current of approximately 10 micro- A. In this case, the output 
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circuit 47 including the first to five hundred twenty eighth amplifiers 65-1, 

65-2, 65-3, , 65-528 consumes a constant current of approximately 5.28 

mA. It is also assumed that the power voltage VDD is 5V. The output 
circuit 47 including the first to five hundred twenty eighth amplifiers 65-1, 

65-2, 65-3, , 65-528 consumes a power of approximately 26.4 mW in 

the full-color mode. 

In the power saving 8-color mode, all of the first to five hundred 

twenty eighth amplifiers 65-1, 65-2, 65-3, , 65-528 in the output circuit 

47 are inactivated, wherehy no constant currents are applied to the first to 

five hundred twenty eighth amplifiers 65-1, 65-2, 65-3, , 65-528, and a 

reduction by approximately 26.4 raW in power consumption of the output 
circuit 47 can be obtained. Further, in the power saving 8-color mode, the 
gray scale voltage generating circuit 45 is also inactivated, whereby a 
further reduction by approximately 1 mW in power consumption of the 
gray scale voltage generating circuit 45 can be obtained. 

The above described prior art, the first to sixty fourth gray scale 

voltages VI, V2, V3, V64 are switched in polarity for every lines 

based on the polarity signal POL. 

In accordance with the present invention, however, selective 
inversions, based on the polarity signal POL, to the first to sixty fourth- gray 

scale voltages VI, V2, V3, V64 for every lines are made for allowing 

the non-inverted or inverted first to sixty fourth gray scale voltages VI, V2,V 

V3, V64 to be outputted. For this reason, each of the first to five 

hundred twenty eighth gray scale voltage selecting units 46-1, 46-2, 46-3, - 
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— , 46-528 of the gray scale voltage selecting circuit 46 does not include 
nay transfer gates. As shown in FIG. 15, each of the first to five hundred 

twenty eighth gray scale voltage selecting units 46-1, 46-2, 46-3, , 46- 

528 of the gray scale voltage selecting circuit 46 includes the p-channel 

MOS field effect transistors 62-1, 62-2, 62-3, 62-32. on the high 

voltage side and also the n-channel MOS field effect transistors 63-1, 63-2, 

63-3, 63-32 on the low voltage side, resulting in one half reduction in 

the number of the necessary elements for the gray scale voltage selecting 
circuit 46. 

The above one half reduction in the number of the necessary 
elements can reduce an occupied area over a printed board as well as can 
achieve a scaling down of the integrated circuit of the data electrode driver 
circuit 42 including the gray scale voltage selecting circuit 46, resulting in a 
certain reduction of chip size. The driver circuit as described above is thus 
suitable for various portable electronic devices, for example, note-type 
computers, palm-type computers, pocket-type computers, mobile terminals 
such as personal digital assistants, mobile phones, and personal handy- 
phone systems. 

Further, as described above, each of the first to five hundred 

twenty eighth gray scale voltage selecting units 46-1, 46-2, 46-3, , 46- 

528 in the gray scale voltage selecting circuit 46 comprises the p-channel 

MOS field effect transistors 62-1, 62-2, 62-3, 62-32 and the n-channel 

MOS field effect transistors 63-1, 63-2, 63-3, 63-32. This structure 

provides a further advantage in one-half reduction of parasitic capacitance 
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thereof. The one-half reduction in the parasitic capacitance can reduce by 
one half the power comsumptions by the gray scale voltage generating 
circuit 45 and the gray scale voltage selecting circuit 46. This results in a 
large reduction in power consumption by the portable electronic device, 
and also in an increased long use time without changing the battery. 

Charge and discharge currents to and from the resistances 56-1, 
56-2, 56-3, — 56-528 are reduced in both amount and time, whereby it is 
possible to ensure desirable high contrasts of the images displayed on the 
color liquid crystal display 1. 

The gray scale voltage generating circuit 45 generates positive 

polarity first to sixty fourth gray scale voltages VI, V2, V3, V64, and 

also generates negative polarity first to sixty fourth gray scale voltages VI, 

V2, V3, V64 in response to the difference in applied voltage to 

transmittivity characteristics of the liquid crystal cells between the positive 
polarity and the negative polarity of the applied voltage. For this reason, it 
is easy to do color corrections to ensure desirable high quality images on 
the color liquid crystal display 1. 

SECOND EMBOD IMENT ; 

A second embodiment according to the present invention will be 
described in detail with reference to the drawings. FIG. "18 is a block 
diagram illustrative of a second novel driver circuit for driving a color 

liquid crystal display in a second embodiment in accordance with the 
present invention. 
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A color liquid crystal display 1 may be driven by an active 
matrix driving system using thin film transistors as switching devices. The 
color liquid crystal display 1 includes a plurality of scanning lines or data 
lines which extend parallel to each other in a column direction at a constant 
pitch, and a plurality of data lines or source lines which extend parallel to 
each other in a row direction at another constant pitch, as well as a two-^. 
dimensional matrix array of pixels, each of which is positioned in an area 
defined by adjacent two of the scanning lines and adjacent two of the data 
lines. 

Each of the pixels further includes a liquid crystal cell as an 
equivalent capacitive load, a common electrode, a thin film transistor for 
driving the liquid crystal cell, and a data electrode for storing data charge in 
a vertical synchronizing term. A gate electrode of the thin film transistor is 
connected to the scanning line. The gate electrode of the thin film transistor 
serves as a scanning electrode. 

The color liquid crystal display 1 may be driven as follows. The 
common electrode is applied with a common potential Vcom. The data 
electrode is applied with data signals, wherein the data signals may include 
data red signals, data green signals and data blue signals, which have been 
generated from red data Dr, green data Dq, and blue data Db as digital 
image data. The scanning electrode is applied with a scanning signal which 
has been generated from a horizontal synchronizing signal Sh and a 
vertical synchronizing signal Sv. 

The following description with reference to FIG. IS will be made 
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assuming that the color liquid crystal display 1 is a normally white type 
color liquid crystal display which is high in transmittivity under no voltage 
application. 

The driveT circuit for driving the color liquid crystal display 1 
mainly includes a control circuit 81, a common power supply 4, a data 
electrode driver circuit 82, and a scanning electrode driver circuit 83. 

The control circuit 81 may, for example, comprise an application 
specific integrated circuit (ASIC). The control circuit 81 receives parallel 
inputs of red data Dr of 6-bits, green data Dg of 6-bits and blue data Db of 
6-bits. The control circuit 81 converts the red data Dr, green data Do and 
blue data Db into 18-bits display data D00 - D05, D10 - D15 and D20 - 
D25 respectively, and outputs the 18-bits display data. The 18-bits display 
data outputtcd from the control circuit 81 are supplied to the data electrode 
driver circuit 42. 

The control circuit 81 also receives further inputs of a dot-clock 
signal DCLK, a horizontal' synchronizing signal Sh, and a vertical 
synchronizing signal Sv, so that the control circuit 81 generates a strobe 
signal STB, a clock signal CLK, a horizontal start pulse signal STH, a 
vertical start pulse signal STV, a polarity signal POL, and a data inversion 
signal INV from the dot-clock signal DCLK, the horizontal synchronizing 
signal Sh, and the vertical synchronizing signal Sv- The strobe signal STB, 
the clock signal CLK, the horizontal start pulse signal STH and the^data 
inversion signal INV are supplied to the data electrode driver circuit 42. 
The polarity signal POL is supplied to the common power supply 4 and 



Pf-2926/nec/us/mh 



also to the data electrode driver circuit 42. The vertical start pulse signal 
STV is supplied to the scanning electrode driver circuit 6. 

The control circuit 81 also receives a furthermore input of a 
partial display mode signal PI, so that the control circuit 81 generates a 
partial display signal PM, a monochrome signal BW and a plural scanning 
signal PC based on the partial display mode signal PL The partial display 
signal PM, the monochrome signal BW and the plural scanning signal PC 
arc then supplied to the data electrode driver circuit 82. 

If the power saving mode signal PS is high level "H", then the 
partial display mode signal PI of high level "H" instructs to perform a 
necessary minimum display on the screen of the color liquid crystal display 
1. The partial display signal PM of high level "H" sets the data electrode 
driver circuit 82 in the partial display mode. The monochrome signal B W is 
always in low level "L" in order to display "white" compulsorily on a 
display-unnecessary region of the display screen. The plural scanning 
signal PC is to instruct simultaneous scannings of plural scanning 
electrodes of the color liquid crystal display 1. . 

If both the power saving mode signal PS and the partial display 
mode signal PI aTe high level "H", then the control circuit 81 outputs the 
color mode signal CM of high level "H'\ 

The strobe signal STB has the same cycle as the horizontal 
synchronizing signal Sh- The clock signal CLK may be either identical 
with or different in frequency from the dot-clock signal DCLK. The clock 
signal CLK may be used Tot allowing shift registers in the data electrode 
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driver circuit 42 to generate sampling pulse signals SF1 - SP176 from the 
horizontal start pulse signal STH. 

Hie horizontal start pulse signal STH is identical in cycle to the 
horizontal synchronizing signal Sh, and delayed from the strobe signal 
STB by a time corresponding to a few pulses of the clock signal CLK. The 
polarity signal POL is inverted in a single line unit or in a single horizontal 
synchronizing cycle for alternating current driving of the color liquid 
crystal display 1 . The vertical start pulse signal. STV has the same cycle as 
the vertical synchronizing signal Sy. 

The data inversion signal 1NV is used for the purpose of reducing 
the power which is consumed by the control circuit 81. If the current 18- 
bits display data D00 - D05, DlO - D15 and D20 - D25 has at least 10- 
inverted bits from the previous 18-bits display data, the data inversion 
signal INV is inverted in synchronizing with the clock signal CLK, instead 
of inversions of the current 1 8-bits display data D00 - D05, DlO - D15 and 
D20 - D25 for the following reasons. 

It is general that the control circuit 81 is integrated over a printed 
board, whilst the data electrode driver circuit 42 is mounted as a tape 
carrier package (TCP) over a film tape carrier which provides an electrical 
connection between the printed board and the color liquid crystal display 1. 
The printed board is mounted at an upper portion on a back face of a back 
light which is attached to the color liquid crystal display 1. 

18-signal lines are provided on the film carrier tape for 
transmitting the 18-bits display data D00 - DOS, DlO - D15 and D20 - 
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D25 from the control circuit 81 to the data electrode driver circuit 42. The 
18-signal lines have a line capacitance. In addition, the data electrode 
driver circuit 42 has an input capacitance of about 20 pF from the control 
circuit 81. A sufficient current for charging and discharging the line 
capacitance and the input capacitance would be needed if the polarity of the 
18-bits display data D00 - D05, D10 - D15 and D20 - D25 are inverted 
and supplied to the data electrode driver circuit 42 from the control circuit 
81. For reducing the necessary charge and discharge currents to the line 
capacitance and the input capacitance, it is effective that the data inversion 
signal INV is inverted, instead of inversions of the 18-bits display data D00 
- D05, D10 - D15 and D20 - D25. The reduction of the charge and 
discharge currents results in a reduction in the power consumed by the 
control circuit 81. 

FIG. 19 is a block diagram illustrative of the data electrode driver 
circuit shown in FIG. 18. It is assumed that a resolution of the color liquid 
crystal display 1 is defined by 176 X 220 pixels. Since each pixel comprises 
three-dots of red (R), green (G) and blue (B), then the color liquid crystal 
display 1 has a 528 X 220 dot-pixels. 

The data electrode driver circuit 82 includes a shift register 12, a 
data buffer 13, a data register 14, a control circuit 84, a data latch 85, a gray 
scale voltage generating circuit 45, a gray scale voltage selecting circuit 46, 
an output circuit 47 and a polarity selecting circuit 48. 

The shift register 12 is a serial-in parallel-out shift register which 
comprises 176 delay-flip-flops. The shift register 12 receives the clock 
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signal CLK and the horizontal start pulse signal STII from the control 
circuit 41, so that the shift register 12 shifts the horizontal start pulse signal 
STH in synchronizing with the clock signal CLK, and generates sampling 
pulses SP1, SP2, — - SP176 which comprise a 176-bits parallel-out signal. 

The data buffer 13 receives the 18-bits display data D00 - DOS, 
D10 - D15 and D20 - D25 and the data inversion signal 1NV from the 
control circuit 41, so that the data buffer 13 performs an inversion 
operation of the 1 8-bits display data in accordance with the data inversion 
signal 1NV, so that the data buffer 13 outputs 1 8-bits display data D'OO - 
D'05, D'10 - D'15 and D'20 - D'25. 

The data register 14 receives the 18-bits display data D'OO- D'05, 
D'10 - D'15 and D'20 - D'25 from the data buffer 13 and also receives the 
sampling pulses SP1, SP2, — SP176 from the shift register 12. In 
synchronizing with the sampling pulses SP1, SP2, — SP176, the data 
register 14 accepts the inputs of the 18-bits display data D'OO- D'05, D'10 

- D'15 and D'20 - D'25 and transmits display data PD1, PD2, PD3, 

PD528 to the data latch 85. 

The control circuit 84 receives the strobe signal STB, the polarity 
signal POL, the color mode signal CM, the partial display signal PM and 
the monochrome signal BW from the control circuit 41, so that the control 
circuit 84 generates a partial display signal PM1 and a monochrome signal 
BW1 in addition to a delayed strobe signal STB1, first 'and second delayed 
polarity signals POL1 and POL2, first and second delayed color mode 
signals CM1 and CM2, and a switch control signal SWA, as well as 
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positive and negative switching signals Sswp and Sswn. 

The partial display signal PM1 is delayed by a predetermined 
delay time from the partial display signal PM. The monochrome signal 
BW1 is delayed by a predetermined delay time from the monochrome 
signal BW. The delayed strobe signal STB1 is delayed by a predetermined 
delay time from the strobe signal STB. The first and second delayed 
polarity signals POL1 and POL2 are delayed from the polarity signal POL 
by predetermined different delay limes respectively. The first and second 
delayed color mode signals CM1 and CM2 are delayed from the color 
mode signal CM by predetermined different delay times respectively. In the 
full-color mode, the switch control signal SWA is opposite in phase to the 
delayed strobe signal STB1. 

The control circuit 84 supplies the partial display signal PM1, the 
monochrome signal BW1, the delayed strobe signal STB1 and the first 
delayed polarity signal POL1 to the data latch 85. The control circuit 84 
also supplies the second delayed polarity signal POL2, the first delayed 
color mode signal CM1 and the switch control signal SWA to the output 
circuit 47. The control circuit 84 also supplies the second delayed color 
mode signal CM2 to the gray scale voltage generating circuit 45. The 
control circuit 84 also supplies the positive and negative switching signals 
Sswp and Sswn to the gray scale voltage generating circuit 45 and the 
polarity selecting circuit 48. 

The data register 14 supplies the display data PD1, PD2, PD3, — 
-- PD528 to the data latch 85. The data latch 85 accepts the inputs of the 
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display data PD1, PD2, PD3, - — PD528 in synchronizing with a rising 
edge of the delayed strobe signal STB1 and holds the display data PD1, 

PD2, PD3, PD528 for a time period of the horizontal synchronizing 

term 01 until receipt of the next rising edge of the delayed strobe signal 

5 STB1. The data latch 85 performs a voltage conversion of the display data 

PD1, PD2, PD3, PD528 into voltage-converted 6-bits display data 

PD'l, PD'2, — PD'528, or another voltage conversion of the 
monochrome signal BW1 into a voltage-converted monochrome signal 
BW1 based on the partial display signal PM1. Further, the data latch 85 

10 optionally performs, based on the first polarity signal POL1, an inversion 
operation of the voltage-converted display data, so that the data Jatch 85 
outputs the 6-bits display data PD'l, PD'2, — PD'528. The display data 
PD'l, PD'2, — PD'528 arc then supplied to the gray scale voltage 
selecting circuit 46. 

15 The data latch 85 supplies most significant bits MSB1, MSB2, — 

--, MSB528 of the display data PD'l, PD'2, — PD'528 to the output 

circuit 47, wherein the most significant bits MSB1, MSB2, , MSB528 

are respective most significant bits of the 6-bits display data PD'l, PD'2, - 
— PD'528. For example, the most significant bit MSB1 comprises 1-bit as 

20 the most significant bit of the 6-bits display data PD'L The most 
significant bit MSB528 comprises "1 -bit as the most significant bit of the 6- 
bits display data PD'528. 

The data latch 85 comprises first to five hundred twenty eighth 
data latch units 85-1, 85-2, 85-3, , 85-528. The first to five hundred 
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twenty eighth data latch units 85-1, 85-2, 85-3, , 85-528 receive the 

display data PD1, PD2, PD3, PD528 respectively from the data 

register 14. For example, the first data latch unit 85-1 receives the display 
data PD1. The five hundred twenty eighth data latch unit 85-528 receives 
the display data PD528. The first to five hundred twenty eighth data latch 

units 85-1, 85-2, 85-3, , 85-528 have the same circuit configuration, for 

which reason the following description will focus on the first data latch unit 
85-1. 

FIG. 20 is a diagram illustrative of the first data latch unit 
included in the data latch of the data electrode driver circuit shown in FIG. 
18. The first data latch unit 85-1 comprises a latch circuit 51-1, a switching 
circuit 86-1, a level shifter 52-1, a switching circuit 53-1, and a series 
connection of first and second inverters 54-1 and 55-1. 

The latch circuit 51-1 accepts an input of the 6-bits display data 
PD1 from the data register 1 4 in synchronizing with a rising edge of the 
delayed strobe signal STB1, and then the latch circuit 51-1 holds the 6-bits 
display data PD1 for a horizontal time period of the delayed strobe signal 
STB1 or until the next rising edge of the delayed strobe signal STB1. In 
synchronizing with the next rising edge of the delayed strobe signal STB1, 
the latch circuit 51-1 outputs the 6-bits display data PD1 which arc then 
supplied to the switching circuit 86-1. 

The switching circuit 86-1 comprises parallel connections of a 
first switch 86-1 a and a second switch 86-lb. The first switch 86-la 
receives the 6-bits display data PD1 from the latch circuit 51-1. The second 
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switch 86-lb receives the monochrome signal BW1 from the control circuit 
84. The first switch 86-la and the second switch 86-lb perform switching 
operations under controls of the partial display signal PM1 from the control 
circuit 84. If the partial display signal PM1 is low level "L", then the 
second switch 86-lb rums OFF and the first switch 86-la turns ON, 
whereby the 6-bits display data PD1 is transmitted to the level shifter 52-1. 
If the partial display signal PM1 is high level "H", then the first switch 86- 
la turns OFF and the second switch 86-lb turns ON, whereby the 
monochrome signal BW1 is transmitted to the level shifter 52-1 . 

The level shifter 52-1 receives the 6-bits display data PD1 or the 
monochrome signal BW1 from the switching circuit 86-1. The level shifter 
52-1 performs a voltage conversion of the 6-bits display data PD1 or the 
monochrome signal BW1, for example, from 3V to 5V to generate polarity- 
non-inverted voltage-converted display data or a voltage-converted 
monochrome signal BW1 . The level shifter 52-1 further performs a polarity 
inversion operation of the polarity-non-inverted voltage-converted display 
data or the voltage-converted monochrome signal BW1 to generate a 
polarity-inverted voltage-converted display data or a polarity-inverted 
voltage-converted monochrome signal. The level shifter 52-1 outputs both 
the polarity-non-invcrtcd voltage-converted display data and the polarity- 
inverted voltage-converted display data and also outputs the polarity-non- 
inverted voltage-converted monochrome signal and the polarity-inverted 
voltage-converted monochrome signal. 

The switching circuit 53-1 comprise a parallel connection of first 
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and second switches 53-la and 53-lb. The switching circuit 53-1 also 
receives the first polarity signal JPOL1 from the control circuit 84. If the 
first polarity signal POL1 is high level "H", the second switch 53-lb turns 
OFF, whilst the first switch 53-la turns ON, whereby the polarity-non- 

5 inverted voltage-converted display data or the polarity-non-inverted 
voltage-converted monochrome signal is transmitted through the first 
switch 53-la to the first inverter 54-1. The first inverter 54-1 inverts the 
output from the switching circuit 53-1. The second inverter 55-1 further 
inverts the output from the first inverter 54-1, whereby outputs a positive 

10 polarity 6-bits display data PD'l and separately a most significant bit 
MSB1 of the positive polarity 6-bits display data PD'l. 

If the first polarity signal POL1 is low level "L", the first switch 
53-la turns OFF, whilst the second switch 53-lb turns ON, whereby the 
polarity-inverted voltage-converted display data or the polarity-inverted 

15 voltage-converted monochrome signal is transmitted through the second 
switch 53-lb to the first inverter 54-1. The first inverter 54-1 inverts the 
output from the switching circuit 53-1. The second inverter 55-1 further 
inverts the output from the first inverter 54-1 and outputs a negative 
polarity 6-bits display data PD'l and separately a most significant bit 

20 MSB1 of the negative polarity 6-bits display data PD'l. 

Consequently, if the partial display signal PM1 is low level "L" 
and the first polarity signal POL1 is high level "II", then the first data latch 

85-1 outputs the positive polarity 6-bits display data PD'l and separately a 
most significant bit MSB1 of the positive polarity 6-bits display data PD'l. 
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If the partial display signal PM1 is low level "L" and the first polarity 
signal POL1 is low level "L", then the first data latch 85-1 outputs the 
negative polarity 6-bits display data PD'l and separately a most significant 
bit MSB1 of the negative polarity 6-bits display data PD'l. 

If the partial display signal PM'l is high level "H" and the first 
polarity signal POL1 is high level "H", then the first data latch 85-1 outputs 
the positive polarity monochrome signal BW1. If the partial display signal 
PM1 is high level "FT and the first polarity signal POL1 is low level "L", 
then the first data latch 85-1 outputs the negative polarity monochrome 
signal BW1. 

With reference again to FIG. 18, if the plural scanning signal PC 
is low level "L", then at a timing of the vertical start pulse signal STV 
supplied from the control circuit 81, the scanning electrode driver circuit 83 
performs continuous series generations of scanning signals which are then 
sequentially applied to the scanning electrodes of the color liquid crystal 
display 1 . If the plural scanning signal PC is high level "H", then at a 
timing of the vertical start pulse signal STV supplied from the control 
circuit 81, the scanning electrode driver circuit 83 performs discontinuous 
generations of scanning signals which are then simultaneously applied to a 
predetermined set of the scanning electrodes of the color liquid crystal 
display 1 . 

Operations of the above-described driver circuit for driving the 
liquid crystal display will hereinafter be described. FIG. 21 is a timing 
chart illustrative of operations of the control circuit, the common power 
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supply and the data electrode driver circuit included in the driver circuit 
shown in FIG. 18. If the power saving mode signal PS is low level "L", 
then the partial display mode signal PI is always low level "L". Tf the 
power saving mode signal PS is high level "H", then the partial display 
mode signal PI may he switched between high level "H" and low level "L". 
If the partial display mode signal PI is low level "L", then the operations of 
the driver circuit arc the same as described in the first embodiments. 
Duplicate descriptions to the operations will be omitted. The following 
descriptions will focus on operations of the driver circuit if both the power 
saving mode signal PS and the partial display mode signal PI are high level 
"H". 

If both the power saving mode signal PS and the partial display 
mode signal PI arc high level "H", then this means that the mobile phone is 
in the stand-by mode, wherein a predetermined stand-by image is displayed 
on the color liquid crystal display 1. The control circuit 81 receives the 
power saving mode signal PS of high level "H" and the partial display 
mode signal PI of high level "H", based on which the control circuit 81 
generates the color mode signal CM of high level "H" the partial display 
signal PM, and the monochrome signal BW of low level "L". The color 
mode signal CM of high level "H", the partial display signal PM, and the 
monochrome signal BW of low level "L" arc supplied to the data electrode 
driver circuit 82. 

The control circuit 81 also supplies the clock signal CLK, the 
strobe signal STB, the horizontal start pulse signal STH, and the polarity 
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signal POL to the data electrode driver circuit 82. The horizontal start pulse 
signal STH is delayed from the strobe signal STB by a few pulses of the 
clock signal CLK. At almost the same time, the control circuit 81 converts 
the externally supplied 6-bits red data Dr, 6-bits green data Dg, and 6-bits 
5 blue data Db into the 18-bits display data DO0 - D05, D10 - D15 and D20 

- D25, and then the control circuit 81 supplies the 18-bits display data D00 

- D05, D10 - D15 and D20 - D25 to the data electrode driver circuit 82. 

The control circuit 84 in the data electrode driver circuit 82 
receives the strobe signal STB, the polarity signal POL, the color mode 

10 signal CM of high level "11", the partial display signal PM and the 
monochrome signal BW of low level "L" from the control circuit 81. The 
control circuit 84 generates the strobe signal STB1, the first polarity signal 
POL1, the second polarity signal POL2, the first color mode signal CM1 of 
low level "L", the second color mode signal CM2 of low level "L", the 

15 partial display signal PM1, the monochrome signal BW1, the switch 
control signal SWA of low level "L", and the positive and negative 
switching signals Sswp and Sswn of low level "L", based on the strobe 
signal STB, the polarity signal POL, the color mode signal CM of high 
level "H", the partial display signal PM and the monochrome signal BW of 

20 low level "L". 

The control circuit 84 supplies the strobe signal STB1, the first 
- polarity signal POL1, the partial display signal PMl. and the monochrome 
signal BW1 to the data latch 85. The control circuit 84 also supplies the 
second polarity signal POL2, the first color mode signal CM1, and the 
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switch control signal SWA to the output circuit 47. The control circuit 84 
also supplies the second color mode signal CM2 to the gray scale voltage 
generating circuit 45. The control circuit 84 also supplies the positive and 
negative switching signals Sswp and Sswn to the polarity selecting circuit 
48. 

In synchronizing with the clock signal CLKI, the shift register 12 
in the data electrode driver circuit 82 performs to shift the horizontal start 
pulse signal STH as well as to output 176-bits sampling pulse signals SP 1 - 
SP176. In synchronizing with the clock signal CLK1 which is delayed by a 
predetermined time from the clock signal CLK, the data buffer 13 holds the 
18-bits display data D00 - DOS, D10 - D15 and D20 - D25 for a time 
period corresponding to a single pulse width of the clock signal CLKl, and 
then outputs the 18-bits display data D'OO - D'05, D'10 - D'15 and D'20 - 
D'25 which aTe then supplied to the data register 14. 

In synchronizing with the 176-bits sampling pulse signals SPl - 
SP176 supplied from the shift register 12, the data register 14 accepts series 
inputs of the 18-bits display data D'OO - D'05, D'10 - D'15 and D'20 - 
D'25 as the 6-bits display data PD1, PD2, — PD528. In synchronizing 
with the rising edge of the strobe signal STBl, the data latch 85 accepts 
simultaneous inputs of the 6-bits display data PD1, PD2, — PD528, so 
that the latch circuits 51-1, 51-2, 51-3, — 51-528 in the data latch 85 
respectively hold the 6-bits display data PD1, PD2, — *PD528 for a single 
horizontal synchronizing time period. The 6-bits display data PD1, PD2, — 
- PD528 arc then supplied through the switches 86-1 a, 86-2a, 86-3a, ■— , 
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86-528a in the switching circuits 86-1, 86-2, 86-3, , 86-528 to the 

level shifters 52-1, 52-2, 52-3, — 52-528, respectively if the partial 
display signal PM is low level "L". 

The level shifters 52-1, 52-2, 52-3, — 52-528 perform 
respective voltage conversion operations from 3V to 5V of the 6-bits 
display data PD 1, PD2, — PD528. If the polarity signal POL is high level 
"11", then the voltage-converted 6-bits display data PD1, PD2, — PD528 

are transmitted through the switches 53-la, 53-2a, 53-3a, , 53-528a in 

the switching circuits 53-1, 53-2, 53-3, , 53-528 and also through the 

inverters 54-1, 54-2, 54-3, — 54-528 to the inverters 55-1, 55-2, 55-3, — 
55-528, whereby the voltage converted 6-bits display data PD1, PD2, — 
PD528 are outputted as the positive polarity 6-bits display data PD'l, PD'2, 
— PD'528. 

If the partial display signal PM is low level "L" and the polarity 
signal POL is low level "I then the 6-bits display data PD'l, PD2, — 
PD528 are converted in voltage from 3V to 5V by the level shifters 52-1, 

52- 2, 52-3, — 52-528 respectively, and further the voltage converted 6- 
bits display data PD1, PD2, — PD528 are inverted. The inverted 6-bits 
display data PD1, PD2, — PD528 are then transmitted through the 
switches 53-lb, 53-2b, 53-3b, — 53-528b in the switching circuits 53-1, 

53- 2, 53-3, — 53-528, and through the inverters 54-1, 54-2, 54-3, — 54- 
528 to the inverters 55-1, 55-2, 55-3, 55-528, whereby the inverted 6- 

bits display data PD1, PD2, — PD528 are outputted as the negative 
polarity 6-bits display data PD' l, PD'2, — PD'528. 
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If the partial display signal PM is high level, then the switches 

86-la, 86-2a, 86-3a, , 86-528a turn OFF, whilst the switches 86-lb, 86- 

2b, 86-3b, , 86-528b turn ON. The 6-bits display data PD1, PD2, — 

PD528 outputted from the latch circuits 51-1, 51-2, 51-3, 51-528 are 

5 not transmitted to the level shifters 52-1, 52-2, 52-3, — 52-528. The 
monochrome signal BW1 from the control circuit 84 is transmitted through 
the switches 86-lb, 86-2b, 86-3b, , 86-528b to the level shifters 52-1, 

52- 2, 52-3, — 52-528. Since the monochrome signal BW1 is low level 
"L", voltage conversion operations by the level shifters 52-1, 52-2, 52-3, — 

10 - 52-528 unchange the monochrome signal BW1 at low level "L". 

If the partial display signal PM is high level and the polarity 
signal POL is high level "H", then the switches 53-lb, 53-2b, 53-3b, , 

53- 528b turn OFF, whilst the switches 53-la, 53-2a, 53-3a, , 53-528a 

turn ON, whereby the outputs from the level shifters 52-1 , 52-2, 52-3, — 

15 52-528 are transmitted through the switches 53-la, 53-2a, 53-3a, , 53- 

528a and also through the inverters 54-1, 54-2, 54-3, — 54-528 to the 
inverters 55-1, 55-2, 55-3, -— 55-528, whereby the 6-bits display data PD1, 
PD2, — PD528 are outputted as the positive polarity 6-bits display data 
PD'1,PD'2, — PD'528. 

20 If the partial display signal PM is high level and the polarity 

signal POL is low level "L", then the switches 53-1 b, 53-2b, 53-3b, , 

53-528b turn ON, whilst the switches 53-la, 53-2a, 53-3a, , 53-528a 

turn OFF, whereby the outputs from the level shifters 52-1, 52-2, 52-3, — 
52-528 are transmitted through the switches 53-lb. 53-2b. 53-3h_ 
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53-528b and also through the inverters 54-1, 54-2, 54-3, — 54-528 to the 
inverters 55-1, 55-2, 55-3, — 55-528, whereby the 6-bits display data PD1, 
PD2, — PD528 are outputtcd as the negative polarity 6-bits display data 
PD'l, PD'2, — PD'528. The data latch 85 supplies most significant bits 

5 MSB1, MSB2, , MSB528 of the display data PD'l, PD'2, — PD'528 

to the output circuit 47, wherein the most significant bits MSB1, MSB2, — 
MSB528 are respective most significant bits of the 6-bits display data 
PD'l, PD 7 2, — PD'528. 

The subsequent operations of the data electrode driver circuit 82 

10 to the above descriptions are the same as described in the first embodiment 
with reference to the data electrode driver circuit 42. Duplicate descriptions 
of the subsequent operations of the data electrode driver circuit 82 will be 
omitted. 

If the plural scanning signal PC supplied from the control circuit 
15 81 is high level "H", then at the timing of the vertical start pulse signal 
STV from the control circuit 81, the scanmng electrode driver circuit 83 
performs discontinuous generation operations of the scanning signals 
which are then simultaneously supplied to a predetermined set of the 
scanning electrodes of the color liquid crystal display 1. 
20 The center region of the display screen of the color liquid crystal 

display 1 displays "white" independent from the externally supplied red 
data Dn, green data Dg, and blue data Db- Since the color liquid crystal 
display 1 is of the normally white type, no voltages are applied to the data 
electrodes which correspond to the center region of the disnlav screen of 
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the color liquid crystal display 1. No voltage applications result in a 
desirable reduction of the power consumption. 

The scanning electrode driver circuit 83 simultaneously applies 
the same scanning signal to the predetermined set of the plural scanning 
electrodes of the color liquid crystal display 1. This causes a substantive 
reduction in scanning frequency, resulting in a further desirable reduction 
of the power consumption. 

The following descriptions are concerned with some examples of 
possible modifications to the above-described first and second 
embodiments. 

Although the above-described first and second embodiments 
have been silent on the resolution of the color liquid crystal display 1 and 
on the size of the display screen, the resolution and the size are optional. 
The application of the present invention to conditions, that the display 
screen size is 12-13 inches or less and no remarkable flicker appears even 
in the line-inversion driving method or the frame-inversion driving method 
would particularly be effective. 

In the above-described first and second embodiments, based on 
the power saving mode signal PS, the color mode signal CM is fixed low 
level ec L" or high level "H" with reference to the vertical start pulse signal 
STV. I&the color mode signal CM is fixed low level "L", then an entirety 
of the display region of the display screen is the 8-color mo"dc. If the color 
mode signal CM is fixed high level "R", then an entirety of the display 
region of the display screen is the full-color mode. These nrp mrr? 
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examples. 

FIG. 22 is a timing chart illustrative of four possible 
modifications to waveforms of the four color mode signals CMa, CMb, 
CMc and CMd with reference to the vertical start pulse signal STV. FIG. 
5 23 is a view illustrative of corresponding four display states of the display 
screen to the four color mode signals CMa, CMb, CMc and CMd shown in 
FIG. 22. If the color mode signal CMa is fixed at low level "L" with 
reference to the vertical start pulse signal STV, then the display screen is 
entirely displayed in the 8-color mode. If the color mode signal CMb is 

10 fixed at high level "H" with reference to the vertical start pulse signal STV, 
then the display screen is entirely displayed in the full-color mode. 

If the color mode signal CMc varies with reference to the vertical 
start pulse signal STV as shown in FIG. 22, then the uppeT region of the 
display screen is displayed in the 8-color mode, whilst the remaining center 

15 and lower regions of the display screen are displayed in the full-color mode. 
If the color mode signal CMd varies with reference to the vertical start 
pulse signal STV as shown in FIG. 22, then the upper region and the lower 
region of the display screen are displayed in the 8-color mode, whilst the 
remaining center region of the display screen is displayed in the full-color 

20 mode. 

Although the above-described first and second embodiments are 
silent on further issues of input timings of the power saving mode signal PS 
and the partial display mode signal PI into the control circuit 81, these 
timings are optional. It is, for example, possible that the timings are 
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decided depending on residual charge amount of the battery of the 
electronic device. 

In the above-described first and second embodiments, the color 
liquid crystal display 1 is of the normal white type. The present invention is 
5 also applicable to the normal black, type color liquid crystal display. In this 
O case, ''black" is compulsorily displayed on other region than the region for 

o 

!H displaying the essential characters and marks. 

H< 

t H In the above-described first and second embodiments, the display 

ill 

£jj in the power saving mode is made in 8-colors, wherein the most significant 



J=g 10 bit signals are used. It is also possible that the display may be made in 16- 

colors or 32-colors in the power saving mode. In the 16-color mode, the 
00 most significant bit signals and second most significant bit signals are used. 

d 

HI In the 32-color mode, the most significant bit signals, second most 

significant bit signals and third most significant bit signals are used. 
15 In the above-described second embodiment, the partial display 



mode is utilized in the power saving 8-color mode. It is also possible that 
the partial display mode is utilized in the full-color mode. 

In the above-described first and second embodiments, the gray 
scale voltage generating circuit 45 has the circuit configuration as shown in 
20 FIG. 13. Various modifications to the circuit configuration are available. 
For example, the gray scale voltage generating circuit may comprise a first 
resistance group including plural resistances for generating positive 

polarity first to sixty fourth gray scale voltages VI, V2, V3, V64, and 

a second resistance group including other plural resistances for generating: 
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negative polarity first to sixty fourth gray scale voltages VI, V2, V3 7 

V64. If the power saving mode signal PS is low level "L", then cither 
opposite sides of the first resistance group or opposite sides of the second 
resistance group are biased between the power voltage VDD and the 
ground voltage GND based on the positive and negative switching signals 
Sswp and Sswn to generate positive polarity or negative polarity first to 

sixty fourth gray scale voltages VI, V2„ V3, V64. If the power saving 

mode signal PS is high level "H", then both opposite sides of the first 
resistance group and opposite sides of the second resistance group are not 
biased between the power voltage VDD and the ground voltage GND 
independent from the positive and negative switching signals Sswp and 
Sswn to generate no gray scale voltages. 

The driver circuit as described above is thus suitable for various 
portable electronic devices having the liquid crystal display with a 
relatively small display screen, for example, note-type computers, palm- 
type computers, pocket-type computers, mobile terminals such as personal 
digital assistants, mobile phones, and personal handy-phone systems. 

In the power saving mode, voltages corresponding to highly 
significant bit signals of the image display data are applied as the display 
data signals to the data electrodes of the color liquid crystal display, in 
order to reduce the power consumption in the line-inversion driving system 
or the frame-inversion driving system. 

Although the invention has been described above in connection 
with several preferred embodiments therefor, it will be appreciated that 
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those embodiments have been provided solely for illustrating the invention, 
and not in a limiting sense. Numerous modifications and substitutions of 
equivalent materials and techniques will be readily apparent to those skilled 
in the art after reading the present application, and all such modifications 
and substitutions are expressly understood to fall within the true scope and 
spirit of the appended claims. 



